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ABSTRACT

The Idison area is $n the New Jersey Highlands three milas scuth
of Franklin, Hew Jarsey and is a part of a structurzl block, which
trends northesat and is bounded by high-enzle fanlts on the northwest
and southwcast., An older couplex of pedimentary rocks (Crenville type),
nadiffied by regyional netamorphiss and metasomatisn and intruded by
younger igneous rocks, underlies the regfon, Litholozie units define
a mojor enticline which plunges 30° northesst and is overturned to
the morthwest. Foliation and linsztion are structures vithin 1itho-
la~ic unita, In the Edizon area megnetito ore zonss are taldare
shaped bodles which pinch-cut in the foliation plana in & dirsction
parallel to tha lirestlon.

The Edison gneiss, & major 1litbologic unit in the Sdiscn ares,
iz divided into four subunits., Tho mixed .msissc subunit is & complex
of interlayered gnelsses, pegmatite and ma/netite sones, Quarts,
K~feldapar and ma netite are major ninerals; minor w'neruls lu_. .o
biotite, sililiuanite, garnet, ilnonohematite, epatits, monasite,
sircon, hewilnenite, ilmenite, rutile, martite mnd sulfides., Mugne-
tito-quartg~-E-feldapar rneilss 1s prodoninint but luyors with netassdi-
nentery affinity ere abundant, The blotite-querts~feldspar ;meiss subw
unit is corposoi of oligocluse, E-feldspar, blotite and garnet vith
horablende, ilrenomametite, 1lmenite, and mpatite. Hidote-seasoliite-
guertz gneiss (lime-rich subunit) with layers varying fros netaqurrtsite
to quartz-feldspar gneiss is oompose? of guartz, oligoclase, microcline,



epidste, soapolite, actimolite, salite, phlogopite; and sphene,
caloite, mo.metite, martite, i{lmenchematite, and garnet, The quarts-
K-feldspar gneiss is @& unifora subunit composed of perthitic K-feld-
gprar, garnet, ilmenonmagnetite, biotite and zircvon. Wall rocks to
these subunits are ef $/meous origin and include ryroxane syenite
gnoiss, hornblende granite end ;jyroxens granite,

X-ray obazrvitione prove that Y-feldspar f:mm ragnotite-rich
layers 1s monoclinie, bat F=feldzper froa nasnetite-quasriz-r-feldspar
gnelss is nmicrocline with 0.9 triclinicity. Nefeldspar from biotitoe
gwrte-~felds ar gneiss and cunriz-f-loldspar gnaiss is & mixture of
trielinic and zonoclinie polyunorphs.

Thoe priscry iron-titaniun oxdde puragencsis in the Idison unit ine
cludes ilngnomu,notite, 1lnenite, hemtito, hawilneaite, 1lmenohera-
tite, rutilo-ilnenschentite, rutilonematite, hemorutile and rutile.
Mnmmetite i3 altered to uartlte. The other intergrowths are srsolu-
tion procduets, A tentative subrolidus tesperature-composition diagram
for the hemstlte-ilmenite-rutile syste: is presented.

The chenlcal composition of meagnetite—quertz-Y¥~feldspar gneiss is
sinilar to sillimmnite-quartz-nicr-cline granite gnelss of the Adiron-
dacks vhich is g8 metasometized metaszsedineni, In the mixed .melss sub-
unlt, ba and Hn are enriched in magnelite layers; Ti0; varies from 0.2
to 2.0 wt, % and occurs in & constent proportion to ironm; sulfur (0.01
to 0.5 wt, ©) 1s frov sulfides wiich crystalliized later than magnetltej
phosphorus (0.1 - 0.8 wt. %) &nd iron {up to 60 wt. %) are in a con-
stant ratlo which 18 balieved to be a reflection of the composition of
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a parent ore fluid. Primary hematite is onriched over ma,netlite
in rocks of metasedizentary type and the magnatité’ emtits ratio
(oxidation degres) deoreases linearly with incresse in total iron,

New thermodynauic culeoulations encbled the oonstruction of uni-
verisnt 1sobars for the marnetite~hematite recction (27ey0; + 305 =
3Pey03) and vater renction (I + Oz = 2H20) for temperatures from
259 = 1230°C and presauros from 1 - 7000 etins, Assuming wuyretite ond
hematito forued at equilibriun at & given tesporature and pressurs,
the equilibrium p(l3) and p(Ha) for the potrolopie syste: ers oblzined
Qirectly fron the univariant curves, The univarisnt carves Indicate
that in eooling fron a mametite-hzaatiteo equilibriun thrr: 523 8 con-
tinucl productien of foxcees" Oz (Sue to 10 dissosintior) ru that
ur netite 1s contimally oxidised to hematite; hense, wartits {s ¢on-
slderel a retrozrade ninarzl,

It is concluded that the zdxel guedss subundtl reprecoits srgillow
geous and arenaceous scldizentery rosks whilch have been recryslallised
to gnelsses of arphibelite grafe by regional metamorphlss and recon-
stituted by Pe-and-F-metesomatisn, Similarly, the lime-rich subunit
originated by the reginal retamorpiien end Eqm@taécaatisn of calocareous
vadimentary rocks, The biotite-quarte-fellspar melse 1= & facsinile
of gneisses in thae Sdirondacks which are rerional retaworphssed (amphi-
bolite grade) ond K-netascmatizad graywacke, Tue quartz-Y-feldspar
gnaiss crystsllized directly fro:z the Y-rich fluids which chexfcally

recongtituted the other gneisses.



The magnetite deposits in the mixed gneiss subunit formad during
regionzl metanorphisn and metasomatismn, The initial source of the
iron vas from residusl fluids developed from the progressive crystalli-
sation of granitic mayme. Sone of the ferric iron may be ¢l sedine~
tery (exogene) origin. The fron~rieh fluids permcatesd an’ netusymti-

cally replaced the co-oxisting rock meterisl,



IKTRODUCTICON

The Pranklin Murnace area occupies about 70 souare mllss in Sussox
ani lorris counties, Now Jerosy, and includes perts of tho Franklin
Purnsee, Haﬁﬁurg, Kowvfoundland, Wawayanda, Dover, and Sterhope 7 1/2
rinute quadrangles. The area ig gbout 14 miles long extending from
Joodnord, how Jorscy on the gouthosat to Vernon, New Jersty cn the
northasct, and 4s from 3 to 6 ntles in average width, New York Cily is
sboub 40 miles to th2 southeest (coa Pipgure 1.)

The Franklin furnaco area is within the MNow Jersey iHighlands viich
is within the Reading Prong of the New England shyslograpnie provinec.

Tho ares 1la charasterized by northeast troading ridges thnt are re-arated
Iy brozd and narrow valleys, Albitudes range from 500 0 1ADD feat, e
topogrepthiy 1s rodorotely rugred end was developad Ly sirort sroplon vWiich
g controllad by the structure and Yitholory of the bodrock. Flaistocias
#leciation hag modified the pro-existing fluvial ercogion pattzon to Siffir-
¢nt dogrees, The arza is well north of the terminal morcine of the
“laconsin stare of glaciaticn so that bedrock expocurss are very mumzrous
alihouph sorme smell arews are cowoered with gleelal drift, The uplands

of the area sre wsoded with pecond-rrowth forost and have sbundant bsdreock
.expogures, ihe lowlands of ths grea thich are cleared and farced have
relatively feuw bedrock expocuros,

The 7dlson aroa is loeated near the center of the Franklin Puras:cc
sree et I.dipon, ltiew Jorsey which is 2 mileg southeast of the village of
Ogdensburg. The Zdison arsa is aboutl 2 miles long and & mile wide, Within

thia area are the Edigon mugnetlte dejosite. These magnetite dsposits end

-1~
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Figure 1. Index map showing the location of the

Franklin Furnace area, Sussex and Morris counties,

No J« Dover district (Sims, 1953) and.Sterling

Lake-Ringwood district (Hotz, 1952) are also shown.
(Figure modified after Sims, 1953.) '




assoclated rocks are the principal subject of this report.

During the summers of 1952 and 1953 the writer assisted A, T.
Buddington in the areal geologic mapping of the pre-Cambrian rocks of
mich of the Franklin Furnace area for the U. S. Geological Survey.
During these summers about six weeks were spent in the detailed geologic
mapping and study of the Edison area., The base map for the Edison area
wag prepared from a plane table survey nade by A. F. Dud’ ington during
the suwmoer of 1951. During thé years 1952-54 laboratory rstudies on rock
sanples collected from the Edison area were carried on in the geology
departnent of Princeton University. The laloratory work included the
study of 150 thin cnd 50 polished sections. Iﬂ.addition a metber of
cheniecal analyscs of rocks and minerals from the Ecdison area and
Franklin Furnace crea were obtained. The writer did a2 =11l snount of
X-ray work during the year 1953-5/4.

The purpose of this receurch vas to describe tre rotrre of the
ranetite deposits and clos=2l;r allisd rocks in the Léison croz. In the
flrst part of this report a summary of the reéional secloy:r 1s presented.
The bulk of the cescriptive data are precsented in the cecorc part of the
report. In the last part of the roport the descriptive dats are
g;mthesized in an attempt to explain the genesis of the magnetite
ceposits and rocks of the Edison area.

The cooperation of the Edison Company for malzing aveilsble the
nasnetic anomaly map of the Edison area and other useful duta is
gratefully acknowl«dged. In addition the generosity of the Pittshurgh
Coke and Iron Company for naking available the drill core from seven

holes which they drilled in 1943 is gratefully acknowledged.



The writer is gratefully in@ebted to Mr. Cleaves L. Logers of the
U, S. Goological Survey for helpful geologic data which he collected
during an earlier phase of the study of the Edison area.

The writer is greatly indebted to A, F, Duddington of Princeton
University for puidance and counrel during the course of the investigation.
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analyses of the iron and titaniun oxides were made by J. Fahey and A.
Vligidis of the U. S. Geological Survey. The additional chemical analyses

were furnished by Princeton University.
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CHAPTER 1
REGICNAL GEOLOGIC SETTI1RG

4 JUCTIOR

In order to describs and Interpret the deteiled studies of the
Edison area it is ncoesssry to obtain a reaponably complete picture of
the regional geologle eetting, It 1s the jurpose of this part to es-
toblish this prarequisite desc:iptive background, po that the dstailed
studies may be evaluated with an undsretanding of the regicnal geolojic
picturo and not in the 1lizkt of a few detefilsd obsarvations wiieh may.

rrova very doceptive when viewed alonc.

TFE HoW JELSEY HIGHLWINZ

-

The Hew Jersey Hizhlande is s physiogrorhie provine2 in the northera
rort of the ctate which 1s cheracterizad by groater elzwvaticn and relief
than the ccastal plain and Triassie lowlands to the gouth, ‘“he Highlsnds
are underlain by pre-Carbrian and Paleozoic rooks and form a porticn of
the Feading Prong, The PBaading Irong extends for & total of 350 miles
from the southgest near Reading, Pennsylvania to the northeast as far =g

Jorront, It has a meximam width in the lsw Jersoy Highlands were it

averages about 15 miles. Ths northwest boundary of the Hew Jersey Highlands,

and henee the Reading Frong, is adjacent to the northeast continuation of
the Great Valley physiographie provinee, 1In Hew Jersey the Great Valley

18 a5 narrov as 8 to 10 miles and 15 underlain by Cambro-Ordivicien



deformnd sedimentary rocks. The New Jersey Highlands, and henoe the
Roading Frong, terminate on the southeast along & high angle fault

ageinst the Triassic rocks of tho Newark series. To the southwest the
Resding Frong continually narrows until near feading, Penngylvanis 1t
disappears belwzen fault contacte against Triasssic rooks and fault and
unconformable controets ecalnst Faleozoic rocks, In its northern extension
- the “ording trong forme a thin sglice of pro-Cermbrisn rocls vhieh are

eften in thruct contact with Felcozode rocks on the eaurt and west, Thsaca
faults zre prebably of Taconie agej however, the exact relationships of
the pre~Cerlrian (o the Paleozole in the region north of New Jersey ia

oftzn uniinown,

Histerieal

Zespite thsir accecolbility the pro-Camtisian rocks of the liew Jersazy
Highlauds have been thes mubjest of fuw corprohonsive stuiles. The rmost
ifmportant carly geoolorle stvdics that ware uzds in the rezlicn are thosa
of Rogera (1836, 1840), Kitchell (1856), Cook (1553), iutnun (1886),
Nason (1829), Wolff (1£94), Bayloy (1508, 1910, 1914), Spaencsr (1902),
and Swith (1933). Earlier geologists were concerned chiefly with the
exploration and production of ore deposits. Ths report of Bayley (1910)
ie the rost ccnvlete source of data on the iron mires and mining in the
region, but it gives only a brief suwrary of the geology. Tha first
comprehensive geolorie work wms done by Spencar (1908) svho divided the
pro-Canbrian rocks into the following catagories, (1) Pochuck gneiss, a
gereral fleld term applied to dark mafic gnelsces (see Hotz, 1953 for a
complete discussion of the tarm), (2) Franklin marble, (3) Losee gnelss,
granitic gneisses distinguished by light cclor and the predominance of



Na-Feldrpar, and (4) the Byram gnaies, granitic rocks with predominant
L-feldepar, Spencer poatulated that the Loseo and Byran gnoisses were
of ignsous origin but regarded the Fochue’ as of unknown origin, This
classificatirm of the pre-farbrian rocks of the Kew Jergey liighlends, has
been uesd by many worrersy howover, detalled geologie mappin:; and potro-
rraphic stuldy indlioeats that Sionesi's classification is very inadequate,
Hcnee, no attempt ie made in this renort to utilizc this claecifliestion,
Fenrer (1914) in & elaceie papsr prosentzd a wealth of idsae
eorcorning Lho orig;n of ths gnainras of the Eew Jerssy Hishlands, Fronm
his dzteiled atudigg of a snell erea he propes:d that the preissos erigle
nated through, "a process involving the injictlen of a thinly fluid

-

pranitic mapma betwien the Ty orn of en oripinal rock of lamin:ted struse
ture," In adlition ke rointed out thot structuvres within the preins
iniie~te "that the proccss of injecticn was earried cvt in a nest quled
and rratinl mennerg ond ootrissed pany of tha choeastiovisiles of a
cubiztitutiom of tnc originnl walsrlial Yy the reoatle solutiza ratner
then the features of a vielent intrusion.®

Tho most rocent and cumprehenslve geoclogie stulles in the hew Jersey
Highl nds havo tecn done by various geologiste gesociated with the U, S,
Geolegieal Survey (Cima and lecnard 1952, Hotz, 1953, Sinme 1950, and
1953), All thess geologicts have recognized two broad eatepories of
pra=Carbrian roc”s, (1) those of metascedirentary origin, and (2) those
of ismoous oripin, In nddition roecks of corplex origin, 1. e, migmatites,
retesonites, ete., have bren recomized, The concensus anong later

grologists is thet the greateat part of the rocls of igneove origin were

intruded into the older retasadiment=ry rocks, "during the wening steges



of the toctcnic mctivity that deformed the earlier rooks,” (Hotz, 1953).
In 81l cases only onse major period of pre~Cambrian tectonic sctivity with

its oonsequent igneous activity is recognized.

Comparieon to ihe Adirondacks

Engel and Zrgel (1953) hove called attention to the closz simtlarity
between the Granville esries, as found in the Grenville subprovince of
Canada and the idirondacks, end many of tho pre-Carbrien grnelence of Now
Jerpey., The Franklin rarble 1s an=logous to tha Grenville marbles of the
Adirondacks, and in adiition many of the praragnsisses of the two regiona
are very similar, Zegpicizlly striking are the sirllarities batucon
tiotite—quertz-plagloclass gnelasss from the two ra-iens, The awrape
chemieal cazpositlion of such paragneise firom the northusst idircndnolks
(Znrel end Tngel, 1953) is listed in Table 1 toether with a sinsle

chendecel analycls for the sare typeo of faregnciss fron the Hew Jevgey [icha-

S5

l&éds. Tho elilearity in chamicsl curcosition ig vory celoio, It anpoenvs
concluzive that neny eof the rmelgses of the low Jerscy Hirklands are of
Grenville type in the gsnse thut they are litholosically sirdlar to but
possibly of different ape {row the charactorictie grieiesss of the CGrenville
subprovince pyoper,

Thus, the rost inportant gencral courorison is that both tha
Adirondaeks and the Jlow Jergey Hishlends are characterized by an oldar
complex of sedimentary rocks (Grenville ecries im the Adirondachs) whieh
have been greatly modifiad by repsionad metamorphism and netasoratim: and
vhich are Intruded by younger igneous rocks, liowsver, the tuwo rerions
differ in sone ragpects, Ho major anorthosite bodies have becn located

in the New Jersey Highlands althourh sore emall masses have been mapped
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Table 1. Cheaxical caposition of (gruphitic)-biotite~quarta~ocligcclase
gneiss from the Now Jersey Higlllunds, talulated wvith the zver-

age compositicn of a similar gneias from the Northwest

Adirondacks and vith the average composition of scme graywacke

sandstonos,
1663 Qbd A B

510n 67.69 70.90 €2.69 &4.2
T10, 0.48 0.32 CelD 0.5
Al;04 15.99 12,17 13.53 14.1
Feyls 0.6 1.31 0.74 1.0
T 2,2 412 3.10 42
[ ¥e¥] 0,05 0,04 0.2 0.1
e 1.16 2.32 2,00 2.9
¢ns 2,83 1.55 1.95 35
Dl 4.8 374 Lol 3.4
LOVN 2,25 2.87 .71 2.0
g .16
PR 0.35 6,21 2,03 2.1
Fin - 0.1 .05 0,25 c.1
Fals 0.16 0.10 0.1
Oz 0.04 0.23 1.6
s 0.04
Tetal F2.70 93.60 100,01 22.8

Elé43 « (Gropritie)=blotito~quartz-oligocless moiss, fros axtraso

rorthwost corner of levfoundland Quedrangle, New Jurgoy (snalyzi:

Lbi = &nslysis of composits sarnple of 24 least altercd lsyora of quartie-
biotito-clizoclrse gnoiss (after Ingel and Fngel, 1953, p. 1085},

A - Average of 3 sralyses, Frerciscsn graywacke (after Talinforro, 19/3,

pe 136},

B = Avorage of 11 grapmckes (e0ter Patdijohn, 17

?o 259)0
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in Penngylvania (B-scom and Stose, 1932 and Smith, 1923), Thie ia in
marked contrast to the mituation in the Adirondrcks, Also rocks of
cataclastic origin are lacking in the New Jersey Highlands, whereas they
are vory cocnspicucus in the northvest sdirondacks (Buddington, 1939).
To date only & sinzle major period of ipneous wotivity is recognized in
the kew Jersey lighlands, but in the Alirondacks st lesst three distinct
psriods of igreous activity mre crisblished (Tuddington, 1939, 1952).
Finally, the przde of netanorphicn the New Jersey [irhlandg as well as
t 13 knowa is the arphibolite facies, vherens in the /dirondacks the
rrads varies frem the smwphidolite to the gramlita facies (Dudlington

1952, pe 70-83),

£ASIC S RIOTLAL FRATWORY GO il JTUUITNLIN FUY L ARCA

-

The paklin Ruonies avea dnelvdce 11 o7 tha Pronklin Doyroes
auac}re zle and much of the adlucent quedraniles (Figame 2)s The following

scetion atterpte to decerite the prineipal ciructural ssopecte of thia arca,

Structiral tlochs

The arss 1c Aivided into separzte fuult blocks by high angle, northe
east tzending faulta. The pro~lainbrian iceks have beasn faulted apainst
youngor Palecuole rocks and other pre~C--liriun roetse It is very liksly
thet pone of the feulte are of bre-f'ezrbrian rge, and there ls evidence
wileh sugroats that pra-c:mbrian faults were rejuvenated durling a later

period, However, ac the youngest displaced rocks ars of Devenian age

(Skunnerunk conplomerate, Spencer et al., 1908) some of the faulting must
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be post Devonian, These faulte are similar to the Triassio-Jurassic
faults of the NXewark basing so it 48 very likely that same of the faulting
in the New Jersey Highlands could be of similar age,

Wthin the Franklin Purnace ar+e four struotural blocks separated
ty such faults are well ggfined (Figure 2), The Franklin Purnace block
Tarthest to the nort!;‘g:s;}:' is a graben and 1s underlein mostly by Paleozoie
rocks which are desc:/'\ibed by rummael (1908), The idison block 1s imrodi-
stely to the southesst ad is underlain entirely by pro-Carbricn rosks,
“ithin this bloeok is the Idicon areas, The feult w.ich pzparstos the
#33son blosk from the Stoekholm block becama gpperant only after dctailed
repoing within the pre-~Cambrian terrain, althcugh the feult has displuced
the Foleworoie rocks at the locality of Vernon, The llurdtown block lies
on the extreme southeaét of the area and is feultcd egalnst the Stoakholxm
block,

Actual expogures of the favld plenez are vory rara. Howswvar, the
strafght treonds of the fault lﬁlnas indfeate hizh engle foult planese Tz
fenlts have besn traced for distances of 10-12 nilos and nay extend ruch
farther, lo indepandent cvldence wis found which would indlcate whethar
the faults were normal or reverse Lyres and it is possible that sore of
then oould be etrike-slip faults, It 1s wvery difficult to arrogs actual
displace enta; howsver, vertical offmot rmust certainly be on the order
of 1000 fe=t or more (S;xanoer, 1908, p. 19), and it is pogsible that
horizental offset on scme of the pre-~Cartirian faults could te on the
erder of miles., There is usuzlly a rarrov zond of fracturing on each
side of the fmult, Generally the fractures ere filled with epidote and

other minerale,
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CHAPTER 2
GENZRAL GZOIOGY OF THE EDISON BLOCK

INTRODUCTICH

The Idison block i a structural vnit wvhich is separated on the
northwast and scothezst fronm the edjncent etructural blocks by two major
foults whileh trond northeact (Fimure 2). To the northeast the Tdison
rleck is eovered uncorforiably by Taleozole rocks, Ths southwest lindt
of this block hag not beon establiched, The bloclh: is lnown to have a
piniram length of 14 niles and a vidth of up to 2,5 milec and 12 & long

nar>ou horgt of pre-Cantrirn rockse,

LITEOLOGIC LNIIS

Within 01l mafer cirvcivreel blocks end in particulor tve Ldicon
hlock digtinet lithologzic units are reocognizabdle, The units possces a
digtinet form end phyziesl centimiity and hence ars structural unitsz,

ticst of the lithologic units are compozod of a mixture of older
Grenville typz moterial and younpar introduced materials. Hixing of
older and younger rock forming naterials may have been a mechanieal, e,.g.
{(injeetion) or a choulenl e.5. (netasomatie) procesa or a corbination of
toth, The moct ioportant and difficult problems in the study of thase
rocks sra to dlstinsuich tetwen older Crenville type msterlel end yungsr

Introduced matorial and to decipher the nsturs of the physiozl and chenical
rrocosess which gave rise tc the final rook produet, Only by the



acourmlation of detailed field, petrographio and chemical data can the
problen be solved,

Within the Edison block thore are several lithclogic uniis compossd
rostly of Grenville type gnslgces., The Edison type gnelsses ars the most
fmportant of this group and are ecparated into four distinct litholozie
units which are discusced in more detnil subsequently, The Ldicon type
gaoisces are largely of retasedimentary snd totazonntie origin end inelunde
such rooks ag nagmetitc—quarts-Fefeldanar gneiss, mapnotilte ore, pamct-
sillimanite~biotite~quarts ggaeiss, biotite—quarta-feldopar groiss, cuariz-
~feldppar gneiss, epidote-scapolitcwquartz rnsiss, end varlous hernblande
and pyroxane grelesag,

The largest proportion of the Edison bleok 15 compocod of rocks
vhich beeauge of thelr bulk cerposition and gonerel unifornity are boliuwved
to bo of ultinate igneous origin, The prineipol ignsous rocks in the
Zdison block ere hornblendc-microporthite granite and alac¥ite, which ure
elther nixed with Grenville type gnelsses or ozeur as waiforn sliusbural
units, Cf particular interest is a pyrorens zyenite gneiss vhioh is
somposed of nderceline and oligscless with scios miercparthite znd ferroe
gugite, Creesn pyror n2 gréni‘-:.e and alazkite are igreousd rocks of major
importanes in other ciructurel blocks but ars of limitsd ocorurrence in
the idiscen blozk,

A quartz-olicoclase gneies; which carries uinor garnet, biotite,
chlorite, nicroclins and cores, 1s a major lithologic unit in thg Edison
tlook, It is Interlsyered with much sophibolite and in places both
quartz veins and mataquartzite layers are included, It is difficult to
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ally this unit visd either the older Grenville type gneisses or the younger
introduced roocks,

Age rolationshipg
Within the Edison structural block rocks of at least two distinot age

catsgories are recognized, The older group of rocks includes the types
vhich ere similar to the Grenville sories, guch as the Franklin narble,
paragnelcces and complex gneisses of nixed origin, The bulk of the ipascus
rocka such as pyroxsne and hornblende grenites and alaskites are younger
than the Grenville types. A differcnce in ese is evident in tvo very
positive ways, (1) the granites ars aliays urmmetansrphosed or dlstipetly
less motavorphosed then the Grenville types, end (2) in neny places there
is positive evidence that the granites have intruded and eross cut tha
Grenville rocks, On the other hand the pyroxere syconite gneias, which

1g w1l zetancrphosad, i3 an exmmple of zn ipgneous reck whieh Is older thrn
the younger granites,

The younger granitcs oxe geuerally esplaced corformabla to the
structures of the older Grenville rocks in such forms as sheeis and
phacoliths, Howsver, in some places the younger granites crosc-cut
structures in the Crenvills rocks, Thus, there is good gvidence that tha
Grenville rocks had been deforrcd prior to the intrusion of the youngar
granites, Howsver, inasmch as the younger granites are thenozlves
slightly defored, it 4s probable that they were emolaced befors the
caiplete cessaticn of the tectonle forees responsible for the deforuztion
of the older Grenville rocke, Therefore, it is postulated thot the
granites were emplaced during the waning stages of the ragional reta-

mnorphism and ars thus paratectonic or late parateoctonie, This inter-
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pretaticn is in agreement with Hots (1953) and Siza (1950, 1953).

UCT

The pre-Canbrian lithologic units within the Edison blcck define a
single major enticline as the most important Internal struetura. The
crast of the anticline (hercafter the Beaver Lake anticlins) which is
underlain by the quuts-oligcclese paeiss has been traced along the entire
nowa lorgth of tke Ldison block (14 miles). The erest of the fold lies
shovt in the middile of the block, trends northeast and hss not teen cut
by either torder feult, Instead both the northwost ani southeast linbs
of the fcld have been truncated at a very pmall angle by the border
faults, In coreral ihe trond of the faults perallels the trond of the
1irds of the Teld; tterafore, the latter rnay have cortrolled the davolops
reab of ths faults, The snticline is Jnoclinal and overtuvracd alightly
te tre nerthuost, The recoioncl dip of the 1imhs and eial pluso of the
fold sveras2s batwsen 70%-80° routhesst end waricg Crom €0° scutbesst to
80° northuwest, Linsur structures on the lirbs of thoe fold and particularly
along the arest of tha fold indleate a plunge wiich waries from 15* to
40® and ovsrages 25°* northsast, No southeast plunging linear elements
were foind,.

Tolintion and lireation are the rost important structures witiin
cach 1itholopic unit, Doth axisl plans cleavage end compozitional
leyering ars wsll devslopsde. Such folistion is parallel to the sivike
of the lithologic units along the limbs of the fold; indscd, these rock
units ars simply large ecale compeositional layers, lost of the lithie

logic units are greatly thickened along the crest of the fold and in
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pome eages a unit is more than five times e thick at the crest as on the
14mbs, At the crest of the anticline the compositional layers remain
parallel to the boundaries of—the lithologie units, vhereas cleavage
often trends across the ec=positicnal layers, so that it remaing parallel
to the axial plene of the folde Generally lineatioen iz predominant along
the erest of the fold and fcliation dominaztes in the lixbs, In zone
places lincation and foli<ticn esnnot bo distinmuished, beeauss the
lincar el=zrentz tend 4o pxoop in the plone of folistion, I arpears that
linestion graées into foli~.ion mnd that along the corest of the feold thay
ars geneﬁica;;y equivalcnt,

Throuchout the Ddigon Llock aad Franklin Furnsce area a wll dsvoloped

oot of crosa Jointe whifch smo subparpendicular to the linnatlom is present,
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Tha Granville type roo' s of the low Jersey Highlon?z have boca
modified by ﬁoth resional ~obarorphion ond metgsonaticn, It is a diffiexlt
poirologie tesk to ssparate t'e effects of thege two procseras. In most
cases retasonatisn hac bec: suscrinpossd upen the effects of the regional
rotarorphien,

Potach metasomstien {-Tanitizalion) hag boen the rost prawvalent kind
of retaneomztioc ceticn, This type 18 most likely rolated Lo the youngar
granites, eltlhicugh it ia ;rsoible thatl the aetusl source of rotasomatic
flulds covld be frem other ‘renville typs rocks, i. o, differcntial
fusion, ete. Ircn motszsocsilsm has also becn important, and iz respon-

gible for the ganesis of reay of the msgnetite deposits in the Highlands

region (Sims, 1953).



Deformation has acoompanied the re;ional metamorphima, This has
produced the folietion, lineation and folds described previously,

The grade of regicnal matanorphism is best determined by a critical
study of psrticular metamorphic rocks such as emphibolite and pyroxsne
syenite gnaliss, The amphibolites carry no epidote and ere thus esrtainly
sbove the grade of the epidote-amphibolite facies, Cnly a few of the
grphibolites carry pyroxens, This sugrests that the preconee of pyroxene
in rrphibolits is dependent upson the tulk eom-oriticn of the rock and not
upon the prassuwre and temporature of formgtien, Fance, the smphibolites
do not beleng to the pramildite facles, The pyroxene cyenito gniips
carriep microclino and oligoclzse as well as rclic“nicroperthite. The
retanorphism has cauced the primary ricrcepsrihite to reerystallire into
two diptinot alkali feldspars, rathzr than a ainglé solid colvticn mlk-1i
feldgpar, vhich indleatos that the resryotallizatien protadbly tnok ploes
ct a terperature loss than 650°C (Borma and Tuttle, 19252, In addition
no nineral such as garnel vhieh 1s chaveeteristlie of the grionlite facing
as for exanple in retaworphosed gyenites of the Aéircndacks (Svddington,
1952), has davelopod in this syenite gneiss., It is concluded that tha
reyional motarorphism of the £dison block hes been of tha amphibolite

gt‘ade.

VAGUETITE DEYOSITS

The magnetite depcsits of the lNew Jercoy Lichlends are regard:d by
most geoleogists ap motasomntie replecer=nts of pree-exicting rocls, (Hota,
19533 Sims, 1957, 19533 Sims and leocnard, 1952), The ultimate oripin of

the iron 1s postulated to be from the extreme fractionztien of granii{s or
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alnsk.;lte magma, The nature of the matasomatie fluids is postulated as
pneunatolitie or hydrothermal, It is postulated that position of ore
bodies 18 controlled by the presence of favorable sites for replacements,
Such sites may bs relasted to mechanical effecis, e.g. microbreocciation,
(sirms, 1950, 1953), or chemical effects, e.g. replacemont of marble,
(fimg and lecnard, 1952), In either case it is generally proposed

that the slruclure of the magnetite depesits is inkerited from the

The nagnetite deposits are classiflied according to the nature of
th2 rock in vhich they ocoure 1n general the deposits in the Hew Jersey
“ighlends occur in ths same kinds of rocka as the magnatite deposits in
ths Adlrondccks, The most important of theps ere, (1) pyrcix:ne and
hornhlende skarns (Sina and leonard, 1952); (2) e=phibolite (Hotz, 1953)3
(3) nicrocline granite gneins (leonard, 1951)3 (4) quarts-ciigocleso
;melos or oligeceless pranits (I3, 1957, 1953), =2nd (5) pog--tites.

oot of the maprotite devosits ronti-ned slove ere resvecentsd in
the Franklin furnace arse, HFuch of this report is devotcd to the study
of the Zdleon pmagnetite dsposits vhich are very similer to the dsposite
in the ricrocline granite gnceisg at the Benson mines in the idirondacks

(Lemnnra, 1951),
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CHAPTER 3
LITHOLOGIC UNITS OF THE EDISON TYPL

INTRODUCT ICN

The gnsisses of the Edison type constitute a major lithologic unit
vhich rmay be traced from the goutheart 1lirb of the Beavsr Lake anticline
erouvnd the antielinal axis to the northuest lird of the fold (Fijure 2).
For jurpocsce of conelse discusgion the Sdison type gnalisses are divided
into four distinet lithologic units, (i) the Fdlson unit, vhich is loccted
on the scutheast flank of the cnticlinej (2) the Sund Eills vnit, thich
is the thickensd part of the ILdison unit and is leecated ot the nogs of
the aatiolinoj (3) tke Mcifee unit, which 4& lecated cn the northwsst
14rb of the anticline, end (4) the Sh;ruan vait hich is lecated in the
extresa southwzct on the nerthusst flank of tho fold, Thesa four units
sre 211 a part of the smao ponoral lithologio unit, 4, e.; the dicen trpo9
gneissee, and =11 occupy the emn2 atratipiavhie positina rel-tivs to

other distinctive lithologic unite,

LDiS0Y URIT

The idison unit 18 a coaplex of gneisses of mixed origine The unit
has the form of a tabular sheet end occupiesz a slructural poeitlicn ca the
southosat 1icb of the Pesaver Leke antieline., The outercp length of the
shest parallel to the strike of the fold axis is over 6 miles, Tho
average thieknase of the gheet is about 0,4 miles, The shoet is teiminated

atout 1 mile southuwest of Mahola sgsainst the fault which pepsrgtes the
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Edieon bloek from the Stookholm blook, The sheet terminates in the north-
east, at a point near Highway 23, along an oblique foult vhich has displaced
the Edison unit as much as 1.5 miles to the northeast, The footwall to
the Edison unit is a pyrovens syenite gneisa. The contact botwoen the
two is vory abrupt, Frequently, arphibolite is located in this contact
szone tut the exnect relationships within the zone are difficult to inter-
prat. The hanging wall rocke on the routheast of ths Edison unit ers
lurgely of igneous affinities, These includs hornblende gronite and
alarkite, ryroxsne granite and alaskite and soie hypersthene granites
28 well as much psgatite interlsyered with the grsnites,

TFour wmain lithologic subtunits are pressnt within the Edicon unit,
The rixod gnelps subunit is & complex group of gasiases and rmagnstite
concentrations and i the most prevalent and econonmienlly the conly
Imnertant rock type wvithin the Edison unit, Tt consists of masmetite-
quartz-l=feldspar gneles vhich 18 characteorized bty the virtusl abseacs
of placioclzse, In edlition there are muwreus gnaleces of distiret
rotasedinontary affinities within the comslox tuch as biotite, garnet and
£i1limanite rich quarts gneisres. The entire rlxsd gnelss subunit is
full of seams, lenses and pods of pegratite, A sscond inrportant litho-
loziec subunit within the Edison unit is a garnet or (garnstifercus)e
biotite—quartz-feldspar greiss, In it the feldspars are oligoclase and
ricrocline or slightly perthitic microcline, In places the biotite
pneiss subunit is intirmetely interleyered with a third subunit vhich ip
a quartz-k-feldspar gneiss, It is a unifornm, fine grained rock, which
always carries acceasory garnet and magnetite, The fourth distinct litho-

logio subunit within the Ldison unit is composed of a group of gneiscas
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vhich differ from the other rocks in their high oontent of lize and
silica, These gneigezes, vhich are called the lime rich subunit, consist
of epidote-scapolite-quartz gneiss and related hornblende and pyroxene-
quartz-feldsper gneies, blotite-hornblende~quarts-feldspar gneisses,
epidote quartzites and other types oconsisting of the sawe minerals but
in difforcnt proportions, The gneicces of the lime rich eubunit have

a ruch nicher plagicclase content than do eny of the othsr pneisscs of
the Ddisen unit, Thzge four lithologle subunits of the Fdiscn unit are

the subject of more detailed study in subsequent seotlona,

SAYD HILLS UNIT

The Sard E1lls unit of the Edison type gnelsses is located on the
nnze of the Leaver Lake antielire, Ib forins a relatively &uall unit of
sbet cne sjuare mile In arze ani ropreseats the thickesod exdal portion
of ¢ha Uiloon unit, Oa the coubh, muthocest, und cast, the [-nd Hille
unit is in econtact with hornblende pranitz and alaskite and to the st
is in contret with the Meifes unit,

In goneral the Sand Hills unit has & well developed foliation vhich
f6llous the regicnal psttern (northeast strike and steep couthsast dips),
Howewir, neer the axis of the major anticline the folla‘lon disappears
in favor of linecation vhich plungns to the northeast at an average angle
of 20 to 30 dagrees,

The predonminant rock type in the Sand Hills unit is a pink, fino-
mediun grained, fairly even greined end xenoblastie quarts-nlerocline

gneigs vhich ie frequently rich in sillimanite end garnet., The rock



does not possess a stirong gneissic structure but instead is moderatoly
gnelissic and has some ocmpositional layering., Acocesory minerale inolude
magnetite, hematite, blotite, plagioclase, sericite, rmscovite and
apatite, The microoline is glightly perthitiec, In terma of texture,
structure and mineral corposition this gnelss is very similar to the
quartz-f=feldgpar gneliss of the Idiscn unit,

Blotite-guartz-fcldepar gnaise i frequently interlayered with the
quartz-nicrocline gnoics of the Sard Hills unit, 7The forner rmziss ie
generally madiun grolned and xenoblastie, Its ciruclture varies fron
cechistoss to gnolssle depending upon the pere:vtzre of hiotite in the
rock, Varietal minerals in this gneiss include cillinmanite and gurnet,
Hornblende, cericite, cphens, zircon, spatite, marnctite ond ilmenite
are accessoyy ninorals, ‘The bictito—qunriz-feldr oy roniss ig dofinttely
rmure heterogeneous thon the cezoclated quartz.risrssline pnolcse. This is
du3 to alternete liyyers of biostito~rich oud hiotiloaposr indics, ds In
the quartz-nicroeline 5:jiss the Yefoldapar 1s a =100y perthitic
zicrocline,

It 1s not uncorron to find laysrs and ghrets of hornblends granite
and alaskite interlayered with the groisnzs of the Sand Rills unit, Thia
is not surprising in viow of the fesot that the vnit 48 nmore or lees
surrounded by euch $/mzous cranites., Fegnetits layere and s2ars, atghibe
olite, and migratitic amphibolite are a comiwa rock type interlayered
with the other gnelss2s of the Send KHills unit, Amphibolite is partious
larly abundand near the footwall contact of the uait.

The K-feldspar of the grenites end alaskites adjacent to the Sand

#1lls unit is microperthite, The fact that the K-~feldspar of the gneisses
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4n the wnit zre only slightly perthitic indicatss that the granites and
alaskites crystallizod at a somavhat higher temperaturs than the gneisses
(Bowen and Tuttle, 1950), If the granites are of the same ags or younger
then the gneieses, then it sppears evident that a rather cbrupt thermal
gradient exieted betueen these two rock types at the tirc the igmeous

rocka were empleced,

HC_ASrE LNIT

o’

he lsifee unit ic the rock mass of tabular shaps uhich is the
strotipgrazhic equivalent to the tdicon end Sond Hills units on the northe-
wot 18md of the Deaver lave antieline, Thils tzbular body extonds from
trhe village of lcifue on th2 northeast to a point Just nocth of Oglenchurg
{six 2iles to the southicet) there it is foulted apainst lower Ialsousie
sadincatayy rocks, The width of the uvait veries from 570 to 1000 fent,
Tha fostuall cons of tho Heifee vnit to the rnorthinst is a cghesd of
hornblonds granits iilch extends parallel to tha lleifee unit for reat of
its length, Tha haniing wa2ll to the llieAfee unit is largely hornblende
gyenita gnelsgy howcver, to th2 northeast the unit makoes coataet alonz ite
hanging well with hornblande granite and the Sand [{11ls unit, The McAfes
tnit ie siructurslly the extensicn of the Zund jiills unit along the north-
wxot [lank of the Deaver Lake fold and iz therefome stratipraphically
fdentieal to the Send Hills unit; howsvsr, there ars rarked differencas
in lithology tectueen the two wmite,

The prodeninant rocke of the Meifee unit are an lnterlayered complex
of nmetaguartzitas and quartz-feldspar gneiasres, The interlayering of

these two types is locally on & scale of inches, The qusrtzite layers
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vhich weathsr out in high relief impart a "ribbed" structure to the
weathered outorop, The sane minerale ars ccmmon to both kinds of layers;
however, the proportiocns c¢f these minerals in the roek types differ
markedly. Lpidote, plagloelasc and microsline are genorally precent in
every rock sample. Varletzl and accessory minerals inelude hornblends,
pyroxene, spheno, «llenite, oclelte, scepolits, garnet ard ores, Thus,
typienl litholorie typas inelvde, (1) epidote rectacunrtzite, (2) epidote-
plagioclege-nicroclins retaguartzite, (2) epidoto-plegioclasc-uicrocline-
quartz gnoiece, (4) epidoto-pyrexenc-cuarto~feldspar grelas, ebe, The
Interlagcring of thes? varlcus rock tipsze yields g rack of bandsd chare
neler, ‘i‘be:- retaquartzites heve a distinet gozicale stivelvre vhich is
csugad by the quartz hich 1s deformzd and shiared out into lenses snd
lenticles ;:inch pur2llel the foliatlen, On the o »r bhend pmoliseae with
a large proportion of feldonor ara lass gnzircle and 1uch lasg deformad
thon the motaquertzite, 1ont of ths gnclncroa st
evan grained and ensblastie, It Is apraved frem the dlervesion whove
that the g;:«sisses of the llcifee unilt ghow strons cxlearenus and arsnacoous
afifinities, Deside the group of gneiscus diseussed atove thore arc free
quent laysrs end shects of bictitcequartz-foldspar gneiss, granite and

meny layers, bande and nesls of regmatite, included 1n the lieifea unit,

r)y v;c"L T

The Zheremn unit iz losited on the northweat limk of the BReaver Lake
asntioline at the extrene southwest end of the Franklin Furnaece quadrangle,

The unit appsars to be a tabular shaped mass which extends parallel to the
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regional foliation for a distance of at least 2 miles. The average
thickness cf the unit is 1000-1500 feet, Stratigrzphically the Shermen
unit eppesra to occupy a structural position similar to the Ediscn unitj
bowever, its relationship to the murrounding rocks le somevhat obscured
ty faulting. Detallsd studies of the Therman vnit have been cornfined to
the gencrel sroa of the Cherran magnetite rmines thich are locatsd 1.5
niles southwest of lahola,

The prinelpal} rmoles of the Ch-xman unit s mornatite-guutic-f=
foldspar gnoios whileh is slmost identionl to the prineipal varisty in
the cixed pnzigs subunit of the Idison wnit, Ly incresase in tho proporticn
of mametite the cneisa of the Shomaan unit ps.s;aa into pzmatite oro,
Tzrietal minersls in the gnasles Ineludz sillirmenite, chlorite, ULintito,
rutile and hematite, . ccescory minar-ls wmry inclnde plizineclase, soricite,
epidste, apetite, ziroon, sornet end Ll-cuite, Vh2 grnolics iz tonnlly
redfua gratnody bt fine ond coarse ealn 4 factes are shundant,  In
sdiftion 3t ds falrdy even crain:d and xirablaclia,  The gondos ray bo
banded due to the sltcrnaticn of laysrs of sli.;:}.tly diffsrent ccxpogitieon
or texture, Some samples are strongly neissic dus to the praferred
crisntation of lentisular shaped grains or arpregatas of qusrtz and
magnetite, The oraferred orisntation of sillinanite-ncedlec also
contritutes to tha grelssie structura, The mamotlite-quurts-k-feldspar
gnelisg is mixzad with lejors, soams, and nocbs of pepmatite ut is othore
wvigs fulrly uniforn,

Rooks interlayered with the mugnetite-guartz-f-fsldspar greigs
include chlorite-cuartz-feldspar gneiss (Table 15), fluorite slaskite

and hornblende granite, The forumsr is fins prained, even grainad,



xenoblestio and interlayered with muoh granite and pegmatite,

The Sherman magnetite arca appears to be complexly folded into
group of minor folds, In adiition there ere frequent orushod end brecol-
ated zones vhich are mineraliszed with epidote and are probably related to

the poriod of mnjor faulting,

COIPARISOR

Tha rogicnal mapping indicates that the four units of Edlson type
greisecss ell represent the game siratipraphie zons. Structurelly the
idison unit, Foifes uiit, and Sherman unit are all ainilar in that they
forn a part of the limbz of the major antieline, Tho fond Hills uait is
diztinat In occuyying the axial position on the antlcling and eoncoquently
15 prestly thioksned, The units all show distinel sinilarities in lithel-
crre  parhonz vogt sigmificant 4s the similar exlearcous and arenacenus
churactsr of the mataguorizites and feldesmthie retaquarieitea of the
Herfee and Zdlison uaits, Alsog the ragnatitee.quunto-E~feldgpar gnslos
and magnabite ore of the Shermon unit are very similar to gneloses and
oraa of the Zdiscn unit, In eddition the quartz-f-feldspar gnelss of
the iZdieon unit is nearly identicnl to the principzl grelrcs of the Sand
Hille unit, BDiotite—quartzfaldspar gnelss, chects and interlayersd

scama end nests of pegmatits are cowmon to the four units,



CHAPTER 4
PETRCLOGY OF THE EDISON AREA

INTRODUCTION

The idison area is a 1,6 xils region centered about the magmetite
ore depoclts st Fdison, New Jersoy. ilate 1 is a geologic mep of this
arca to the scole of 1/3600, (1 inch ogquals 320 fect),

The Ldinoa unit hich ie traceable thiroush tho Cdigon area hes
been divided into 4 sudunits, FGeonorieally the only imparterd sutunit
is the nixed gneleg hiish Inecludos rmapnetits concentraticons, In addie
tion (goraetifercus)-biotito~uorl=-feldsrar gneles, quarsto-fe-feldspar

sueica, and tha linz »ich pnelspes are inportent subunits closely
sssoclatad vwitk amd relatsd to the rived suolss culvinid end mgpnotita
dayponitneg  adsrociated with the Idison unit in this ocrco are a verisly

af rock types wdiich are 1ithologieally and stmetuzelly distinet foen

-

-

the Tdigon writ an form the w1l rocks to the wnit, Those include such
rogks asg quartz-oligocless gnelss, pyrox ne syenite gaeics, blotite
alaskite, hornblends granite, hypersthene granite, =nd pyroxene granite,

l!lﬁAJu R\}CK L I(Q-'
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The usrtz=-olissclese rnolss ip eposed in the northweet part of the
seeg and is but a w1l pertizn of the ruch larper litholozic unit ihich
forns the exposcd core of the Beaver Leke anticline. The gnolss ia

generally loucocratis and very vhita but frequently ia spotted with pale
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green blotches of chlorite, The bulk composition of this rock corrssponds
to an oligoolsgs alaskite, Oligoclase and quarte are the two importaent
minerals and biotite and chlorite are the only important verietal mincre
als, The chlorite may be sacondary after hornblends, Acccessory rdnerals
include epidotse, (in part secondary), microeline, garnet (locally), and
opaqus oxides, The rock 18 siriling for its distinet poueity of E-feldspar,

The gnelss 18 generally psdiwn and evon grained, but flna ond cocrse
grained typss are abundant, It hos distinet foliatien mrnifestsd by
tnterleyers of verlable compositien snd toxture and by a cirong gnelecie
strogtura, The latter 18 esuc.d Ly the preferred criontation of lontice-
ular shaped graing and aggregatsa’of querta,

Biotita~- and chlorito~rich fuclsp of the quartz—cliccelrse pieles
ure locally interlsyered with the nomnl leucosrztie types I adlidde
enphibolite mund quoertz-nlicoelace grolss ray bo interlyyered #n a conle
of et to fractlens of an inch, In plazzs it apj—arsg 2o 4f tho awrhibe
¢lite bas beon injectod and Inprosaitel Ly the qravbzeolijscle s gasirs,

Two varieties of pogratile havo boon obsarved in the cuartn-olisoa
class gnoiss, The nmogd etundant is a wulle, stroarly gnlasie pagnatite
vhich is conformsbly interleyersd with the goelass, lncralozieslly
thass wvhite pogmatites appzar vo 'y eimilar to the loucocratio facles of
the quartz-ocligoslspe gmeise, It is propoccd that these vemiatites sra
slmply vwory coarse grained wnriants of the norzal white gatiss. The
leegs abtumldant type is & pink, maeaive, nagnotite-hrrnblerde pematile
wiich cross cutg the folistion of the quartu-olipoelucc meiss and
interleyored anphivolite, The evidsnce suprects that this warlety of

pognatite was eomplaced after the erystsllizaticn and deformaticn of the
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qnnrts-oligoolsac gmeies,
Thin layers or veins, pods and lenszes of vhite, massive, milky

quarts arce often conformably intorlayered with the quartz-oligoclase
gneiss, <Quite distinot frow this vein quarts are rare interlayers of
metaquartzite, These are texturally and structurally distinct fron the
ragsive veln quartz, Che metaquertzite layers arc less then a foot
thick and are strongly daformed into tight minor folds and ¢renuiations,
The limba of these minor folds ars ofizn broken up end pulled apart amd
gurrcunded by quartz-oliroolase gnsiss in a boudirvass feshion, _
The origin of the quartz—oliroclacss gueles is problziatierl, Diocw
tite-richk facles, amphibolites and netajuartsitss all indieste neta—-w
2dimentery affinities, Howewver, the bulk compos’tion of the suciss
{olifoclnss elsckite) doea not correspend with ths eceoxpositicn of Fﬁy

cricon sedinentary rock, If the gnalag ig of ultirmate magmatle origin

[#]

the problen of genorating such a sodo-rleh marca 1s diflficult o colve,
(Fuddington, p. 3240, 10.2; Sims, p, 251, 1953). Of eourss 1% is
posaible that the gneliss is of metasonctie orisin, Purihor detailed

studios are nogessery before a delinite conclusion can bLe propored.

Fyroyane svendte gnelcp
The prroexens syenite gneiss is 2 shect-sheped body whieh averaroes

about 700200 fest thick in the Idisen arsa., It is one of the nogt
distinctive rogional lithologie units and may be traced from the scvthe
east 1limb of the Beaver Lake antizline around the nose of the fcld to
the northesagt and for a conslderable distancs ca the northwest 1izb of
the fold, On the noge of the anticline the gncise is nearly 10 tires

its normal thickness., The pyroxene gvenite gnelss forms the Limediate
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footwall to the Edison unit, The gnaiss 1s interpreted zs a mote-
morphosed igneous pyroxa=ne sysnite,

The pyroxcae syenite gneiss is en extremsly uniform rock. Ths
fneiezic ptructure 15 due to ths lenticular form of mineral grai=s and
aecgrepates, There in little composiiiocnnl layering, and except /~r rare
erphibellte fncluslens the predsc 18 extrermsly homogenoous. Generally,
the geiss fo nodiug orained and even grainedy howsver, finer grained
facies and peowiitic csamg cre preascnt,

Glicoclnes and nierocling ara tho two meet important minorsls in
the swveesone oyonite gnalse, The oligoeclepe 48 cororally $idnnoed end
oceneionally the twin lanellso are bend which indicatas somo post cry-
gt :1licatiza dsfovration, Howewur, no cataclastie texturas or struc-
rres have teon obuzrved within the shezt, The K-feldspar varies frun
e s1ightly rerthitio mierceline (atout 107 intorgrown Hs~foldszas) to
niovepsrihito (vo to 207 iIntor rowm Na-feldspsr), Even fn a sivgls thin
coetdon both eruxlrcice uay b procent, bul in othsr sexples only ol
clace and =lightly perthitis nilcroecline are present, OCccoesionally a
guiple which hae cnly nieccoperthite with a rars grain of clipgoslass
and glightly vorthitic microcline has been ebserved, Thess petrographice
obzervaticns indicate that tha prirary feldspar was a solid sclution
of lu and Iefeldgpar, Subsequoent slow osoling of thie solid solution
caused exselulicn vith the develo;wont of ths miecrcparthite, leta-
morphiam of the original ;yros:ne syenite oaured the rec.ystalllzation
of rush of ths miecrencrthite into diccrote grains of olipoclasa and
slightly perthitic nicrocline., The frequent relics of ndcroperthite and

of perthitlic rmiltrocline testify that the recrystallization prosess wae
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not complete, The feldspar esscemblage indiontes that the probable
tenmperature of recrystallization wns bolow 6450°C (Bowen and Tuttle, 1950).
Ferrcaugite iz the most important ferromopnesium minaral in the
pyroxons syenite gneies, It is free of any exsolved minsrals, Fre-
quently, it is purtielly altered to borablende, rediich brown tiotite or
chlorite, Gresn hornblende in diserete preins is a minor accecsory
rifneral in the pyroxcne syonits greles of ths #idison arcz, bul to the
northeagt, hornblende brooros Ingreasingly sbundent until near thy oxlel

portion of the gnolcs, pyvrox:ne is aboont end hornblende 45 the only in=

3

.

vortant ferrerarnecien rinersl. hothier the howablends s repgard:zd as
baing of igneoug or-motumarphic crizin, it ia pootudated that 1% cecurs
In place of fevocuupite dn zmoa whileh wsre rolatively ersliched in HyO,
giich ag the anjal ; ons of the pyrowong gyosdto cazica oy hawve bemm,
decessony rinorala in the pyrocone grenits pmoige fnclude {lnemo-
wapgns oite, ilronito, arhiens, cuurtz, cuhederl sivesn ond grutits,
IIrenits ocsurs or wahedral graine oleng tha bLiudinries of mametits,

It scomg likoly tba£ this Miorder phrse® represants ilranite wiich was
eripletely exsolved Jremoan origingl titanifevous mayntiite during the
cocling procass and partieculsrly during the rstarorprhie rooerystallization
of the pyroxsne erva2ite, Rarely a vainlst or spike of hematite (martite)
rorlaces nayriotita, O ohone, vadch peancrally corurg os a corvna around
the iron sn?d titaniun cxidza, rrohably developed in thip titsniua rioh

millou during ths retamorphic reerystnllization, Juarte 1s zlweys

precent in the gnelers ead occeclionally rmay form as rauch as 10 to 15 par

cont of the rock.
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ine metaigneocus pyroxsne syenite gneiss af’ords an opportunity to
compare the reglonal metamorphiem of the Edison area to the regional
motamorphism in the northwest Adirondasks, Puddington (1952) has pointed
out that in meteipgneous pyroxene syenite and quarts gyenites of the
Adirondecks, garnot (pyrope-almandite) may develop zs & product of
rezionel metamorphiem proviling the grade of metaworphis: is high encuch,
Cn the Lesle of metarorplile garnel deweleped in gadbroa, sycnites and
quertz eyenites, ete., Buddingion (1952, p. 79-£0) hug rsceznized three
songg of different motancrrhie grale, Garnct has develcdped In the
pyroxzne syonites end quartz gyonites oaly in the zone of vost intene:
metemorphiism uilch is desipgnated as the grarmlite fzelos, In the on:
of Intcrmediate melamorphie prade replonal peteroerhic govast heg devalopsd
cnly in gablrole reoks. In the third cetousrphia znnay vihich 4s deniz-
rated ae tle amphibolite facles, regzionml rebaorphio garnats are not

devzloncd in any of thess lgnecius rock typoa, 1o gornet van Frund In

-l

Y

the pyrosdms gsyenita gneiss of the 7 lison area, “hovelors, i oo o3
clear that tho gnelsses of this srsa do n-t Lelong to the grouulite
freles as desoribed by Puddin~ton in the iddrondacks tut inst:oad beleng
to a lowoer metamorphic facies. Tuddington (1953) hss rointed out that

the Ti0, content of ilmancmegnetits from Adirondack irmcous end rebse

3]

rorrhie rocks varlen as a functirn of t=.parature of erystollizeticn,

ud.

Hig data indicated that the Til, content of 1 nemopnetitos froo gosiaeces
reconsgtituted in the graaulite ond upper temmerature range oft the
arphibolite facles 1a 3,1 to 4.1 per centy however, the T10, centernt is
only 1 to 2 por cent for the ilmenonapnetite from gneicses formed in

the "lowsr® temperature range of the amphirolite facles, In Table 2



bolow a partial snalysis of the ilmenomagustite from the pyroxene syounite
gneiss of the 7dison area ig preasented, The 1’102 content is lesgs than 1

per cent, which 1s very low and gorresponds with the "lower” tempersture
range of the amphibolite faoles in the Adirondecks. If the pyroxsne

sronite gnelos of the Ldison arsa was reconstituted in the "lowar”

rriribolite facies, the prosence of unaliered ferrcaugite can bost be
cxrlained b sasuning thet the gnelss wag extrerely dry so that suffieisnt
F.0 s not prosent teo enzble hornblends to form: during the recrystalliszauiion.
n Lhe tasis of tho altowve dlscussion 1t ip postulated that the pyroxore
crenite oooliss of the Idicom area was reglonally rotamorphozrd In the

: of rore precigely the "lowsr® amphlibolite fociza of

™
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Yrlle 2. Poartial Chemieal Analysis and lilneral Ressleulatisn
of Ilrmooarmetbite fron tha Iyroxore Sycaltse Cuziss
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Fs% 30,13 Hemstite nona
140, 0.92 Ilmenite 1.86
Exceps FeO 1,05
Total 04,13 Tetal 100,00

I'yroxzene grenite is 2n the hoapiugewmll zene of tho Edigon uvnit, The

rorition exposed in the Ddicon arem i= only a emell part of a much larger



mase of sinllar granite vhich outcrops to the southeast, It is postulated
that the pyroxene granite is of igneous origin,

On fresh surface the pyroxene granite is s definite green to whitighe
green color. Thiz 1e due to the pale greenich color of the feldspar. The
ryroxene pranites end associated elackltes ars gencrelly mediwm and
even grainzd, tut pegmatite seamas and resis are presont., The rock is
always rypidicorphle and pnoiscoid to almost mascive, Lenticular sheped
quartz preing contridbute rost to the guelessid strueture, Gensrally
the gmolsooid sirasture 1s wery obwviovs, wul in ocensionnl oulerops the

rook is oo olichtly deformed thet iV nprecrs alwmost rascive, Tn ths
';Tx;’;i.:::r.‘x; erca the pyroxens granile is wmifoim except for ozozsiosnal
lzyers of bioblts gmelss and waphibolite,

V'“m.:'t?, nieroantiperthite ond wicroporthite are ths mouot ebwurnlent

X

rinzrals in the pyroxene grenilco ant alerikitae, Concrolly thece povthiles

-]

have a Uyplesdl excolution novphslery «ith oricnted 1Ine, lenscsg peods,
ctne, of guzet feldup:r 2meloszd In ke boste lowsr:™, In sorw of ihe
grani;:,es the verthitie interzroutha cra of pabch or checkerboard types
and are very lrregolesr, Thie sugsarcts thet eoms regrystalllzation of
en ordginasl vniform perthite harc taken plasce, Contrary to the pyroxens
gyenite gmelss diserete gralng of plazicolnss and microecline sre rareg
generally the tws re inYergreowa fn perthitio fashiicon in the pyroxena
granites. Visual eotimntes of the bulk commositicn of the wiercperthiies
end nleroantiperthite Indieata theb the hest feldspnr usunlly oomprisos
es nuch seg 60 per cent ol the intasrgrowth,

The gingle pyroxens in these granites ia quite fres of any expolved
material, is generally rmodium to dark green and occasionally 4s ultered
slightly to hornblende and chlorite (7). 4 single chemleal analysia of
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the pyroxsne (Table 3) proves it to be a ferrohedenbergite (Polder-
vaart and Hess, 1951),

Ilmenomagnetite is the most important accessory mineral, Icoally
it may form as rmch as 5 per cont of the rock, The ':102 content of one
i{1lrcnomagnetite gample from the pyroxene granite is 7,97 wricht ror eant,
This 1s oconsiderably more then in the hornblende microporthite pranites
of the Adircndacks which eurry 5 to 6,7 por cent T105 (Fuddington et al.,
1953), Tha high '{‘102 contont of the pyroxene granites indlestes a hichor
tenrerature of orysiallization than tiat c;f the hormhlende nmicroprrihite
granites, Cther acecegnory mincrals Inslude splons, elrcen, apatite ood
rare horntlende und tiotite,

The horogencoity and tulk compositions of the pyrowxene granite, the
very high TiD, content of its ilsnomagnotite, end the n turo of its
nl¥ali feldspar (porthite) aro features which indieste that tho uyro.ona
granite crystallizad ot hich touporotwrog and s of mamatie oriz'n, Vie
paragsnagis of micercantipertiite end mic;gr«:ri‘r.ite, whizh are frogucatly
presont togethsr in a single thin g-ction, sugreste that equilitriun uas
established hetwsen the two 2lkall feldspor solid eclutions at sors telscro-
ture Just below tre ecrest of the alksli i‘eldgpe.r ealvus curve, If the pyro-

X]

xene grenite is magnatle, this parasonsgis indliecetss that the Mcuidus

i)

fleld was dopresred s0 as to intorgeet the alkall feldspar solvus curge
near 1ts crezt., ‘ccording to ths experinental data of Fowen end Tutile
(1950) this would bs near the tempsrature of 660‘;0 for a purg alkall feld-
spar system, This 1s pbetulsted as the ninlmrm tennerature of crystal-

lization of the pyroxcne grenite and assoclated alaskite.



Table 3. Chanical analysis and recalculation® of
ferrohedenbergite from pyroxene granite
(Spocimen Ro. Ed-1924),
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Daviation from the porfect jyroxens cation Lo azion ratlsc ie
probably cdue to miror 2ltorailosn of the an.oole 45 “irm=
blende,
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[ypergthens granite

The hyp:rathere granite outcrops as a thin shset about 300 feet
thick and forms the footwall rock to the pyrox:ne granite in the Edison
.reze The ghest 1z wwll exposed for abwet one-h-1lf mile elong its strike,
mhs hypersthene grenite belongzs to the charmockite sulte of rocke, It s
terbativaly coruned to Lo of ipmesur ordgin and specifically s redified

the elonoly arncelcted pyrovena granite,

[

{n & frech sariece L6 hyperctlene groalte 43 a groonish tuff color
tut is ciilor deab or g rusty btulf cn the woathercd culerope The granite
Troned i oor slishtls finor menlned and iz uswnlly ovin grafined. loue
cvevy fing graired o pogaetitic moncz are abundant, The hyporsthens
coanibs Lo ot a layored rock tul vardcus faatvens Jnnart a Siatinet
Joliaticn bo i%, Thews featucos inelnda, (1) a evanfiab Drvsouier
Aion of zessracsy bletits into pardleulsar miaa, the preferved

. L T I X JUNE TR Y . i .
coloatlion el tho plotile Plekzs and the muely apcthering of Liotitie

- shadiy
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tvoration of fire snd mzdlun graluzd cones acrogs the folistlon plone;
{3) the tendancy forr quartz grains 4o have a lenticular ghapo and to
corur ss tnin Jenticular baads parallsl to folistion, Tha hypersthens
grentie is not co wiifor ap the elsuasly sisoolated prroxens granite,
fgoicdoa the lrrvoguler digtritullon of blotite, thers are includsd layers
cl blotite~guariz-Toldoar gneiss, quate-l-foldspar gneles and chesta
of hornblende granite wiibin the hypzrsthem granite,

5% in the gyroxtne rranite the most abundant rminerals in ths hyper-

sthere gxonite are quasrts, micrountiperthite end microperthite, Jome

saples eaivy plarlooluss and porthitic microeline, The feldaper



agrenmblage 18 o0 similar to that of the pyroxsne granite that & penetie
relationship bstwesn the two iz assumed, Hypersthene and biotite are

the importent warietal ninerals, The hypersthens is pleochroic in pale
greens (Z=pale green, X and ¥=flegh pink) and is particdly eltcrod to
rica, Blotite ia redlisk brown or prezn (Ispzle yollow to yullewdsh
trown, I=d2rk reddlsh browm, Z=vory derk brows or reddich btroin, consiiies
couque) end 18 preosemt in nearly 2ll aoeples of the hyporsthenz graaite,

Upagus osidszs, zircon (arhcdrel), coztite,; sphine and hortilends wie

&

agcessory vinorals.

It has frequently bzcvx }’*"u..")uvi eut that the elnrnoci-itze coor in
zznzg of plutenic rzetmomhim end are usinlly asscelalad with rocks of
ths gromilite feeles (Bartk, 19325 Twner and Verhoojen, 10513 Tyrrell,

© M Y AR YE IR N - LN T L s Lo P
1245).  COne contention 4s thod the charasehitic grofios oricineto foox
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nulite facless To the conto gy, vuidingien (1932, 1940, 19520 & o
4 3 s I . . -~ R e - SRR L ) T
woleblishod the irmaocus orisin of (ho ¢liwanelitie posiize eul gty
% e’V wry eyt z e % -
cvenitos of the Adirondaakz, The howvabhone eroniie ond tho prromsn

. %

cenalto of tha Tdison area bave ne Seotareg which surmost that oy haw
bewn retamrphocad,  Yhelr struectire, Loxture and ninerelogie choiuciss
Inliente thad they hove Yeen ot 1ipvtly dzlomsed ond recryehnllined,
Therofore, it is pestulatod thob tio hyrerstheone gounite 15 a bytedid
canoua roek and represonts o tordar freiss of the pyroians pronfis Wiish
khug ban contardnzted by the Insorporaticn of older moltoscdinmontusy

malsaas,

Hormbhlonda gronite

The hornblends rranite in the Edison arsa is a sheot ghopsd maac



in its southwesi portion but passes into a phacolithic body to the northe
east in the sone near the Edison Pond syncline (Plate 1), The hornblende
gzranite is in the immediate footwall zone of the hyperathene granite,
The contact beticen those two granites is parallel to the foliaticn,

The hornblende graxnito 1s a pink to pinkish bulf color, It is
radium or csarsely nediun grained and fairly even grainod, It is
diotinelly coarcer greinad than the [ peostlcns or pyroxcne granlios,

The kormbtlends granlie is aclssold; end follavlon 1s quile distinct
due to slight textrral vardations asross the follation plsae and<§u3 to
Trequent Interlayers of amphibolite and poractlite, The latior igvu:eh
more abamdant in the horablends granite than Ia the hyporsthonz and
syroweny granitos,

(aortey and microperthite are the ongenlinl rina,als of Lhe lorne
bleade granito, In soms gwrples perthitls miciocline and olisoolnus

form the bulk of the feldspar Hich sugoests Wt lecnily the »insenl

agzmitlage eame to equilibrium ob a lownr donpr lune thoaa 444 e lallk
of ine Lornbleads granits, Thiz covld bo r2leb2d 1o local mesryobtallination

of *he criginal micreparthite, Croen horablonda 2s the prineipel cceste
sory minercl, batl in sddiiica Wotile, ragnstite, zircon end apniile are
progznte

It is peatulnted that the boemblri-de pronits 27 of Iruoous o'ging

Liotite plaskite

Blotite mleskits in the fdison arsa forms a small lenticulsr shiect
which is only 3500 feet long end gbout 150 feet thiek, The mass forns
the immediate footwall te the hormblends granite and is probably relatad

to it,
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The aleskito is pink, coarse grained and massivé, Frequently, it is
so coarse grained as to be olaseed s pegmmtite, The alsskite is free of
anprhibolite layers esioopt in the contact zmons with the hornblernde granite
wiere & continucus 10 to 15 feot layer of amphibolite is procsnt, In ite
footw:ll sone the slaskite 4s Interlayered with biotite-quario-leldspar
rmelios end quartz~f=feldsper prefas of the Idison wnit (Plates 10 and 11),

(orrtry olicclese ond peritiitic niorocline are the escgontisl
mincrals of Ve biolite alzakite, In conirast to the asiocinted horne
blends eondte no ricoeparthile ig pregent, indieating thet ths alachkite
oy b ogEdliteing ot a Iowsr torarslvre then the grenite, Rictite and

horntlends eve the nost Inport-nt cecesvory minerals; tut uomotite,

2 - ~ . L r2 . -
civeon end avatiic sze aloo prectat,

is relrted 4o tho horabtlends prenite, Th2 vardetions in the nature of
Seos rderepsrthite in the horablands goanito to prodlitie
rdorerling n the blotite elsshite 49 Tinitely dnlicrdeos & bighor Loupopce
ture of eryeotallizaticen for the forrere IV in poscidble thatl ths hornblend
gronite end Diotite alashita sre related to the lavrge nass of pyroxsne

granite 3o the southeast,

Tha povtinninetsd horntlende gronite ig loecated in the earle-northenrt
cemner of the Mdisen orce nnd probably ic the northeast contimuation of
the hnrnblondo granlts cheat, s conbacts are conforsable with the
currormding ercioces and rranites,

The contunlnnted hornblende gronite is medium graoined, even grained



xenoblastic and gneissoid, It is extremsly heteropeneous due to

pumsrous interlayers of gneiss which show definite metasedimentary affini-
ties such es, (1) pyroxens gkarm, (2) biotite, Lyperstbons and pyroxsne
emphibolites, (3) hornblende-pyromons-plariocluse gnoiss, (4) vyroxenc-
hornblende-fcldspar guoles, (5) sphsne~rwreoxsna-frldupar goelass, (6)
guartz-pyrosmne-plepicslecs gnrles, eto, In ediitica there aro chests
and layare of ales'dte and perwtites within the prenite,

The es:cn ,ml mincocls in the conteominated gsrenite ars quariz ond
mieroperthite. Jlny srrydes ghow evidense of a lower Ltamperatvre of
equllibrium in .hat they corry nlaploslaze end parthisie rnfercoling
rather than mleroperthits, Asceatory minzenle 1o the coutaninaled
hosnblenda f"-'mi?:a Imsleda hornblonds, ropnebito, spatite and sphena,

It 1s postulated that the ecunborinnhed horutlends grunite ig a
Tecies of iho lurntlonis promlies which hes toen odified by ths incorpo-

Y 1 ot ) e n
rahirn of older ratnsadd milacy mmainn-n,

Garnot-blotiteg-oy ”’rt" feldguer malng nod related fucicg

The pgarnst-biotito~rquartz.feldeprur gnelce is loeuted in the east-
ncrtheant eorner of the “disen area (rlate 1) totwson the phaeslithie
vasa of hornblende granita and the eontininutzd hornblenlde grondite, 1is
eamtaels are confor-albls to the rur~cwniing rocks,

The gnelss is mediws and even goalnad; although come consge groined

fzeios ars prescat. The rock 1s xonoblastic with a narked pgneiasic
muotura,

The predominant rcck type is copesed of quarts, oligoelase und
perthitic microcline, Varistal minerals include garnet and biotiteg
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shiareas hornblendoa, ores and occasionally hypersthene are acoessory
ninerals. I1he rock is quite heterogsneous dus to many interlayers cf
such rocks as biotite amphilbolite, bLiotite-hypersthene smphibolite or
blotitic rici facies of the normal gneiss, In adiition hornblende
granite, alecikile and pegnatite are interlsyered,

To the northeast the gnelss lenses cut in favor of the contuinatzd
horntlende granite (flate 1),

It 48 pestulated that thoe gernst-bictite-cuartz-Loldspar gaeiss
and relsted fncles wore originally Creaville type mt;.mdirzmts which

hava been Intruded end modified by yownier pronitic ToG¥ 0.

EDISON LEIT

-y
Mixed gmoics gutunit
Introducticn. the mix:d grofes cuti 24 with the nssvel-tad rognetite
coneonsrationg 1s the most fnoordaat ooy In Lhe 00 eron, I s

a cheet ghapzd body sbout 700 feot thieck ‘a the ssu'th‘;mt part of the
eroa, To the northeast it is eplit into tun thinner cheot shap:d mezses.
Th2 epidoto~ceapolite~quorts pnoira and :2lated feclos (Lims-rich guhunit)
separate these two portions of the mixed ~aisz northenst of the Victor
tiina, Ths yrexeona sycnite gnzics Toruz V-2 footwall »nl the bLiotitse
cuartg=-Celdsyar gieles and quartz-Kefelde~r mmalsy form the hai-ing
wzll to the nmixad gnelss subwnit, The culacts with the wrll rceha
ap»aer to ba conformable,

The mixed gnsliss subunit ie a heterc;znecus complex of interlayere:

reck types. The prodominant varicty of mak 1g & ragneiifo-quarto-fe
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feldapar gneiss, This type is general:y the immediate wnll rock to
nagnetite rich layers arnd by an increase in per cent of nagnetite this
type arpears to pass gradually into heavy ore., Bubordinate types consist
of veriations of the magnetite-quartz-K-feldsper gneiss and of inter-
lay~rs which chow rotasccdimentary affinities in that they carry large
qusntities of gornet, blotite, sillirmunite ond quartz. ’n brief, the
mired gntling svbinit s charsctorized by very ebrupt and rodieel
cheriend (eorinsitional) dlscontimuitics from layer to layer acrocs the
folizticn plana, This ferdure ia certainly the nost gignifiecnnt des-
criviive foet ond raeognition of It Is 4ha first prorcquisite te a
rennonnble pobrolosde inderpretetion of tha mistad prelse subandt,

itporalorr,  In genoral the vardocus rosk types which are Intorlayored
te rale up tho nixed gneles svhimit may ke conaidsred no yelet~d rscha
v.ich hewe eryostallized undsr more or lesz th2 srma phyeical conditlens
{rezsoure apd torgepntuvre)y eo thet the oo rinecel phasss wite steblo
thoeunhovt,  Iiswever, bocausd of largs diffurend:a in chozieal canporiticn
frem layor to layer the preoportions of the different nirerel phasse verlies
seidely fron rock (o roek within the piwed roizs gubunit,

24z, E~fcldspar (microcline and monoclinie F=foldspar) and mag

$ite are easantial minerals in naarly all tha ook types found within the
nlxed pnodse mttait, Plec~loeleee is virtually cboont from the miundd
exespt in rare lgrorg.,  Liportant variclal mineralas include blotite,
si1l%manite, garnst snd ilnencheratite, Jfecosaory minsrals Includa
epatite, monuzite, slreoa, spinzl, corundum, spldote, fluorite, hsiw-
idrorite, {lmenite, rutile, pyrite, molybdenite, bornite, and chalcopyrite,

Secondary minerale cre chlorite, pericite, epidots end hematite{martite),
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In a subreguent chapter the mineralogy of the mived gneiss sulunit
35 treated in detail,

Faenetito—quart z-F-f2ldapar mmeicg. The prinelpal type of rook
dnterlayer in the mixed gneier cubunit is composed of varistle proportions
of cuarts, F—fcidspar, and nug 12tite with only minor arxunts of the other
ninc-els =8 eccansory constitonts, At one extrems of composition this
princdpal type is & megnetitc-quartz gneles (motaquartzite?); et anothsr
extreme it 1z a i=feldrpor-guarin-nmegactite groles,; i, o., magnetite ore,
Ioucver, field oni laboralory obosrviliions indlezte thal the mogt abundent
variety 1o couponad of suloquel proporticens of quartz ond Z.feldepar with
subordinate rumitite and 18 e medium groined rusmctlite-quurtowB-feldspar

2 \

£
-~

Y

ik

&
"

Te

C

liodal snnlysos of 8 spocivicna (5 fron the Idisen arec and 3 from the

Sheyzan vnit) of mugnetite~guuric-lefeldspnr prelez are presonted in Table
48, hess srnactrong wre e0llcstod fron wnifor layers lopo then 1 Zoot
thiel, Three thin esciicns por spscbiun, Luws of which wre stalnad to
enable the eagy and accurata dete.miration of ¥~foldapar (for staining
mothods gce Keith, 1939 and Cheyes, 1952), iere snalysed on an Integrating
sir;ge. Tho variation obtained letuwron reavclysss of the sams thin ssotions
wag ecnslderably less than the varintion from section to se~tion for the

are sprolmcn,  Thus the lerpect soures of vneurtainty lies in the
Izhamozonelty of tle narrow rock loyor iteslf, This uncartalnty cun
only be sllevizted by an incresse in thse mumbor of thin sectlons per
spacizenes In ad-ition the modal -aslyris of a single thin seoticn frun

ach of 36 randomly chosen pam-les (from the -dison area and Shercan

unit) of magnetito-quartz-E-fcldspar gneles are presented in Table 5,
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Table 4. A, Partial chemical analyses of magnetic and non-pagnetic
fractions of iron and titanium oxides from eight samples
of magnetite-quartz-K~feldspar gneiss from the Edison
Area and Sherman unit,

146 145 149 1.3 144 154 153 151
vingnetie fraction
Fe 03 64.93 70.23 63.49 70.37 68.17 63.9, 66.77 6€5.82
F 26.02 21.?7 25027 22.15 25.62 2601.5 21&‘52 27066
T1i09 024 1.00 0,33 _1.11 _0,54 _1,3% _1.,10 _0.54
Total 91.09 93.01 94.64 93.63 24.33 91,73 92.39 9/.02
tiop-maznetic {raction
Fez03 7436 56,60 46,59 n, 4, 21.69 22.10 59.18 33.79
Fal 2,29 2,33 16,32 n. d. 16.06 12,79 9.82 13.62
Ti05 10,45 16.16 23.67 n. é. 40,03 30.63 16.55 23,43
Total 67,10 75,60 36.58 T7.78 72,52 35.55 31,64
Wt. por cant Fe end Ti oxides in rock
Ht. 3,31 3.05 12.6 13.87 39.01 11,2 13.7 24.00
Hom, 1.7 1.29 4.3 6.6 6,07 1.08 2.93 1.55
I}-ms 0010 0011 1.8 0058 ’0.69 0036 0.37 0.33
Rut, 0.15 0,05 0.4 tr. €.15 0.06 .16 0,02
Composition marnetie froetise to 100 nole per cent
¥t. 83.3 65.2 77,7 65.0 30,8 22,1 75.8  90.3
I1n, 0.4 2.7 2.3 3.0 1.4 Zed 2.2 1.6
Corposzition nonema netie frocticn to lGO‘ﬁala per cent
Fen, 73.2 63.3 4L4S  n. d. 21.4 0.8 20.6 9.9
Iln, 5.3 7.2 34.0 n., d. 35.0 tr. 0 0
Rut, 16,5 22,5 16,2 n. d. 43.6 &7.8 35,8 58.8
Mt. o 0 5.0 n.d.  © 31,4 23,6 31.3
aralyotsr Jo o eteev v G, VIicllor, 1N Zelo,
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Table 4. B. Petrographi~z dota of the eight samples from Table ., A,

146 A VA 149 143 4 154 153 151 Mean

Mineral analysis, volume per cent
gt=. 49.3 45,1 24,0 60,7 33.8 27.7 33.7 38,3 39.1
¥-£4. 0.0 45.0 62,3 17.1 25,6 62,5 51.9 Li.2 L35
pl. 0 0 0 1.5 0 0.2 x 0 0.2
5. 0.2 2.0 0.5 x 1.1 x 045
2CCe 1.0 b 4 009 0.5 003
e2T. 203 1-7 2.2 X 0.7 2.6 0.4 1.2
ch. x 0.4 0.1
60T 3 €De 503 805 1.7
gill. 1.0 2.6 x x x 1.2 0.6
E3Te x
C:*::). 007 001
2D X X 005 0‘7 3-1 0.3 O|8 0.7
ZT x x x x X 0.1 x x x
s}p. x x
aee, x x 0.1 0.6 0.9 0.3 x x 0,3
ores 2.5 3.0 1009 17.2 27.0 703 10.1 15.9 11.7

1M 1.9 245 8.5 17.2 27.0 6.3 2.3 15.2

HI 0.4

iH x x

R-1H 2.0

I"'P\}l 0.6 005

Jo¢5 X 1.2 x

Ha 0.6 0.7

24 b 4 x X 1,0 C.l

I x
146 - 500 feet northwest of Coprer Mire, Edison Arez; ilnenc-rutilches-

145 -

149 -

144 -
154 -

153 -

151 -

tite = I5R160pg.

northeast end of Condon Cut, Ldisvn hArogj ilmeno-rutilohauatite =
17730863,

Big Cut, Edison Area; hemoilmenite = Pag._gf'jg_lg(HZSI'y?), 1.0,
magnetite tablets Intorgrown with heaoilrenito; rutilo-{lzencterc-
tite = Roy3tp-10(I37ilg3), 1.e., magnetite tablets intargroim with
rmiilo-il=cnohenatite.

Big Cut, Fkdison Ares.
noirthenst end of Condon Cut, Idison Ares.

Sherman unit, Sherman Ares; rutilohamtite = (Rapglipp)s rutile = l3zRaa,
f.e., na;netite tablets intergrown with rutile,

Sherman unit, Sherman Area; rutiloheratite = Mo_po(RosHy2), L.e.,
magnetite tablets intergrown with rutilohematite; hemorutile = (HjcRgy).

Shernen unit, Sherran Arsaj henorutile and rutile = 3-?1!110?{59, i.e.,
maznotite tablets intaergrowrn with heiorutile ant ratile.
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In Figure 3 the propertions of cuartz, K-feldspar and opaque sxides
(lsrpsly megnetite) reczlcoulated to 100 por cent for these 44 opecimens
ere nlotted in 2 triangular diegram, The tablee and figure show that
trere is consziderztle vorinlion In the minaral compoeition of thess
ramles (note <k wariznos vilues in Tahle 5), The eorposition varies
oror o rarnctitoorts greica (motacvertzite?) to a mamotite-%-feldopar
s {mronite?), Houovsr, it 4s elro apparent from the flijuwe and
Lables theb oot of tht essples cre in the aomporitlcnnl range ol &
roonaetitoecrlooleTeldopnr gredos or s nymntitoY-Teldsprr-qunriz
ionin YWl tho oo coab of moigntiite s ganerclly soloxdinate Lo the
quowts end YaDnIdorar ol slodd Ralf the savplos huve rore N-foldopar
than gquarta oid Lthe othir LoIf nore quartsz than X=feldsnsir, Thus the
rebrareorhie datas onghatieally oubstontlate the Tleld chszrvations thad
oo interlipers whleh reo oconpooed lasgely of quortz, Z-foldepor aad
Lo rovl Wlch oo the zrincingd wsel Ippe within [l ndind geeleos

. F 2O .,
cong vhiieh

g --»'\ 414 ‘—\1 e ave gpe g
FYTR S SRV, ;.&u A . L“"l

ere swowiat vor

try end recoetits rlch axtreva,

Si1lirenit e 11wl pnelss sldlunit g11lirmanits g ubigmitous
Lut eecurg in bighly wvorieble preporticns, The voluzs poreantages of
grofos froo T dlos £2 end 5 oo plettod fn Mloure 4, The fipgure fows
thuet garples with seootor Llin S0 por eont Yofoldzpar rarsly carry
Cosiszory «10linanite, wad coamples with 30 to 50 por cent Befeldspor
12ally cavey up Lo 5 oner exub socessovy 11N imenite, In 2dditicn
gaiplos with less than 30 psr cont A-feldconur moy earry up to 20 per

cent s8l1inondite, The four srplas clustered near the ordgin of tho
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Quartz

X 8 samples from Table 4

» 36 samples from Table 5

.
/ N\ AV4 LAV] AV AV] M. . N AV4

K-feldspa Or¢

Figure 3. Variation in mineralogical composition of magnetite-quartz-K-feldspar

gneiss
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Table 5. Minersl snalyses of thirty-six samples of magnetite-quarts-K-feldspar
goeiss from the Edison Area and Sharman unit.,

2 o
. (] o & . .
sapledo. ¢ T, . SERELacBf . ¢ . 02 £4 .t id.g
2 4 4 7 & 8 &8 £ T 8§85 5udEgé
E-127 56.5 36.1 4.0 x 2.4 1.0 x xz x x
Ed=-1 1‘&6 550‘ 19-6 x 3" x X 3.6 x 39‘ x x X
Ed-la 42.5 46.8 x 9.6 x x x 0.2 x x 0.9 x x
Ed-27a 66.5 16.1 7.9 x x S22 X x x 0.3
Ed=154 66.5 17.1 3.3x x 7.8 5.4 x 0.2
Ed-174 55.0 33.4 7.2 x 1.0 0.5 = 29 x x x
Ed-179b 30.2 60.5 9.0 z x 0.3 x x x x
Ed-191 4.9 4.7 2.8 x ** 0.3 5.2 1.1 x x x
Ed-22la 62.4 12.9 238 x x 0.2 x 0.4 x = 0.3
Ed-221c 571 9.1 22.4x xd xd x x 9.7 13 x 0.4
Ed-221e 2.6 36.9 32.2x x x4 x 1.8 x x 0.5
Ed=-228a 43.1 47.5 38x [+ 93 x x 5.0 x x 0.2
Ed-271 35.1 5C.0 8,9 x 7.6 x x Cod
Ed-2766 15.6 39.6 21.7 x* xx 13.7 x 4.9 45 x
Fd~-276b 52.0 2644 5.5 x 2.0 x x x 12,2 x 1.9
Ed-370 8.9 41.8 T2 X 0.6 2.4 x 0.1
Ed-1045 55.5 33.5 él x 1.7 x 0.3 4.9 x x x
Ed-1052 70 45.2 9.8 x x T7 x x 0.2
1d=1053a x 80.0 T4 X 12.3 z x 0.3
E&-1053b 4L.8 85,5 1.9z 7.3 x x 0.7
Ed-1057 4.8 11.3 0.4 x x 14.9 x 8.4 2.0 0.9 0.3
B-143d 3695 149sc x 12.2 x x 1.0 X X X 10’
B-151a 46.0 37.1 7.4 LD x 2.2 x 0.9 x x x x 2.
B-151g 36.5 3.2 x lid x 3.5 x x x x x 1.5
B=151h 76.7 19.0 x 1.7 2.6 x x 1.C
B=151k=1 20.4 0.9 T2.4 X 0.6 5. x x 0.6
B-151k~2 1.l 8.4 x 285=x 0.9 x x x 0.4
B-152¢ A3 3.7 A8 L33 x 0.5 x P 3 S 3.6
B=-170a 32.0 43.3 0.5 x 13.9«x x 0.4 = 9.5x x % X 0.4
B-170b 42.8 iBed x L x 80x x x x 0.8
Cemaa ST T L e iR LS e .‘ it e
£6=419 4.2 49.5 8.4 x xx = 0.5 0.1 x Q..
Ed=434 24,9 67.6 AT x b 4 = x 2.6 Ouc
Eo=447C 56,6 29.2 2.0 x x x x 2.0 9.7 of
Ed=447d 14.0 53.4 26.2 x x 3.0 x x x 2.7 x 0.%
Ed=ilTe 47.3 Q.4 5.2x*x x 0.8 5.3 x x x
Ed452 45.5 14.8 15.2 79x x b3 x 16.6 x
Moan 39.7 36.9 0.2 0.6 15.0 1.6 0.1 0.1 0.8 2.4 9.9 1.0 0.1 [+
Yariance 350.6 485.1 27.3
E~fd 1.08
- - 0.7
' + orss

Sartitic; ilmenite intergrowth somotimes altered to hematite plus rutile.
brounded.,

®Pertly altered to hematite and rutile.

"Pmly intergrown with martitic magnetite tablets.

Sibt martitie.
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Figure 4 Relation of sillimanite to K-feldspar in the mixed gneiss subunit



figure are magnetite~quartz gneiss (mataguartzite?) and are spparently
ss free of sillimanite as of E-feldspar., Within the limite of accuracy
of the sampling procedure and modal analyses, the figure indlecates
that thers 18 an inve-se relationship betweon the emount of K-feldgpar
and sillimanite, The data surcest that either there is & reaction
relation btetweon the tuwo ninerals suech that sillimanite by ediition of
gl wag transfored to K=feldspar or that the two minsrals eryctalliczed
et equilibrium and that the mineral proportions wuried zs a funcii-n
of thz Wk chermicnl ccn%ositian of the 1:ilieu, The forrmer casoe ray to
chenlcnlly exprecoosd ass
£3113manite 4 potash = E-foldzpar

~rd the latter c«52 a3

a$1203 + hSiOz + cKao = efeldoper + elilVimulte
As thare 12 no irdependent e.idones to surest that one minaral replrces
the olhir, it ic conelnded that i3 lronilc end Melaldne o erystallicad
topether, svbgbantielly ab e juilibrive, end that ths proportiong of wash
rincrel voried with the bull cooposition of the Ir-edizte eavironent,

A

Litholoric varistiona., Other rock typos within tho mixed gnelss

crbunit are intimately Interlayered with the rore sbundant riugnetite-

th

¢

cuartz-~feldspar graing, Cne or all of *Le mincrals guarts, V-felds:

or vaomatite formn en escential constitvent of thece othzr scek v

1
e

v

leties,
but In ad {tion cich rinsrals sz blotite, sillimanite and garnsl are
vory important constitusnts, Some of thoso lsyors ere nothing meore than
bictitic, 5illinanitic o garnctlfercus varistiss of the prodoninant

ragnatite-quoartz-f-feldspar gnelss, ilowaver, muny of these lsysrs have

mineral compositions vwhieh are markedly different from the predominant
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nagnetite-quarts-K-feldspar gneiss, Soms of these distinot types inolude,
(1) garnet-biotite-sillimanite-quartz gneiss (metagquartzite?), (2)
gillimanite-blotite—quartz gneiss and rarely, (3) biotite-quartp-feld-
spar gneiss, mas well as numerous other varieties which differ from each
other only in the proportion of the vrrious minsral phases, (‘e modal
enalyses in Table 6) It is not difficult to f£ind layers vhich repregent
all gradations tetwe:n the predozinant magretite-—quartz-F-fcldspar greles
and thesa other iypes. The irregular distritution of such minerals as
bictite, £illimanite end garast (thece vory frem 0 to 20 par_cant frox
lnyer 4o layir) as well as the thirce principals, quartz, ¥-feldspar and
negretite, fmpart preat heterogenily to the nixsd gnclcs subéﬁit. whis
irpoguler distribution hae led to the interlayering of diffzvont related
rogk varietlesz which earry tha pame ninorals but in widely differdnt
proporticona, In ordar 1o rore clearly descoiba the rature of theze
veriations Ywo dstalled jyofiles are danarilad,

Tumarized below s a 160 foot litholozio profile meds ceiopz the
ctripped northeast portion of the "charts Mine (Plate 1). ?;ve dletinet
zonag are coparated, Zon2 1 on the northwest is about 20 feot iriek and
consiots of magnatite-quarto-X-feldspar gnziss (D-151a, Tablo 5) in which
there are interlayers, lences and thin eeams rich in blotite, garmet end
sillimonite, In adliition thare are permetite genas and Jsrors ng wnll
ag oceasicnal "vugs® ceoataining coarss grained plates of biotite, “xtrena
varieties include a 1 to 3 foot layer of garnetiferouns-blotite~zillimcnitew
quartz gooiss (metaguertzite?), (B-15if, Table é). Zome 2 ir a continnous
(troced abtout 50 fest) 3 feet thick pegmatite, (n the whole it is very

coarse greined with feldspar corystals sometimes as largs as Z by & inches



-y

Teble 6. Mneral enalyses of misceilaneous
- samples from the mixed gneiss subunit.

o : 2 5 :

Rl g ERERA L ds 8 dggiedd
30.8 5.8 32,7 97 x x 17.0x 2.8 x1.0 x 0.2
30.5 18.0 33.5 8.5 8.5 0.6 x x 0.
3.3 9.5 13.8 3.5 13.1 9.8 x 1.5
42,7 15.7 5.1 10.2 3.5 12.8 3.0 x x
(7.1 8.1 39.0 x 3.31.0 x xx 1.5
27.3 36,3 19.2 5.3 9.3 x 1.0 x x 1.1
45.0 11,1 8.3251 x xx 3.0 x 6.0 X x 0.5
59.8 9.8 6.0 4.2'1.8 8.7x 153 x x x x 0.4
39.7 7.2 33.8 8.0 10.5 x x0,8xx 0.1

51.9 1.1 3.5 1.6 7.6 19.4 1.2



in oross~-sootion, Its contacts with the adjacent gneiss appear eonformatle,
The pegmatite is uniform and mapsive sxcept for an occasional thin layer

cr seam enriched in nmagnetite and biotite, Sillimanite end garnet are
abeent from the pegratite, Zone 3 is sbout 30 feect thick and is a fairly
uniform mgnetite-quarte~K-feldspar greies (B-151g, Table 5). Elotite

ic & nmincr accescory in thig -:w and parnet end sillirmonite are virtually
abgant, Lxcept for a single Y fout leyer of marnatite-qrarte gmolss
(rmotaguartzite?) (B-151h, Tatle 5) =nd tho usval pegnotite seans and

larors 4hé comnogition of mne 3 is vers uniformn and +uld ecorrecpond to
th2 average mernetite-cuarboe-t-feldgrar gnaicsy Zoma 4 wich contulns

a considercble anount of rognetite is slout 40 fcol thick and iz the
irzediate hanging wll to zon3 3, This zon® is an interlajersd complex:
£ typleal maprstite-quortc-l-reldaner gucles altesrntiuz with bonds

(up to 3 to 4 inches thiek) of nmacretita, (B-151k1 end k2, Tuble 5)¢ In

ploees garnst s curdched and loaslly rumorive cunitz s abundunt,

Iillingnite 1c altcont in ~ore 4 ond tiotits 2g a rinsre nceepucry.
Fart?eular rly characteristie of zene 4 ars acceszory sulfldse minar:ls

1ich include such pyrite and some molybdenits (sue paragraph ea gulfide
2cna), -Zono § ovarhangs the maymetite rlch zone 4 and is very sinilar to
zone 1 in that it is magnetitc—quartz-Y~Peldspar gnelos with wvarlallons
rich in bictlits, gurcet and sillimanite,

The above descripticn illustrates the nzture of the large orale
1itholozie variaticons in the nized gnoics subunit, 7The prall gesle
variaticns, such as {niicated in mu: 1 ahove, may be hotter illuotrated
by describing & li*uolozie profile evyposad at the 01d Cgden line (Flats 1).

Thia duseription, whick i3 summarized in Table 7, 1llusirates the rapid
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Table 7., Lithologlie profile, 01¢ Oidoer “dre, idizon, lew Jerc.),
Thickness Hineral
(Spes. Ho.) Composition Rock Name Fabric Romarks
2 inches blotite-napne- coarse grained
tite~-quartz-
faldapar gneiss
é inches qtz. 30.5 blotite-magne- finc-melium, slirhtly pez-
(B=-1420) mic. 18.0 tite-quartz- uneven grained matitic
0l. 33.5 feldsper gnelss
b’-. 8.5
=111, O.G
ores 8.5
acc, Q.4
3/4 inch blotito-ma ne-
tite rock
13 inches silliranite-  fino-medium ircludes 2 1+
bilotite~z:gno- proined Ineh lnyor of
tite—qusrtz- N reomtite

feldspur gneiss

-

2 inches

biotite-morne-
tite pepatite

massive

o s+ o b oS

10 4nches qtz, 43.8 nmzgretito- fire to nadlun
(B~142¢) e, 2.5 sillimanito- crained; bilo-
ol. 13.8  Dbictite-feld- tite, 21111~
i, 13,1 spar-guorts randita, &nd
8111, 9.8 pnelss guartz and
ores 8,5 ne orotite
aee. 1.5 lenses-in
preferied
oriecataticn
1C inches qtz. 49.7 pornet-blotito- flne grainad, sillimmrnite
(B-1424) miec, 15.7 maynetite~3ill- naurly nascdles
Pl. 5.1 fanite=Teld-  schictose linested
bi. 3.5 spur-qulrtiz
sill, 12.8 grelss
gar, 3.0
ores 1C,2
4~5 inches qtz. 47.1 sillissnitic- modium grained
T=1/2e) mde. 8.1 nicrocline-
bi. X manetiteo-
s111, 3.3 quurtz ganeiss
gar., 1,0
orea 39.0
acc. 1.5
8 inches sillimznitic- f£1-a grained
biotits-iegne-
tite-quartz-

feldsrar meiss
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Table 7. (Continued)

Thickness Mineral

(Spec. ¥o.) Composition Roek Name Fabric Remorks
8 inches blotite-magne- mussive rare blotite
tite peguntite rich layors;
a00ess0ry por-
net
& feot
(B~142f) qtz. 27.3 npagnetite—q fine-nediun garnct abount
mie. 36.8 quarts-l- grained
pl. 19.2 feldspar gneics
bi. 9.3
5111, 1.0
oreg 5.3
ace. 1,1




and extreme varlations in corposition and texture between variocus rock
interlayers in the mixed gnelss gulunit, However, as wvas 1llustrated
in the profile at the Roberts MHine the entire subunit 48 not as variable
s this deteiled profile wnuld puggesty to the contrary, there ars froe
quont thiok zones which zre uniform magnetits-quartz-X-faldsper gneisg

1

Qo "0’ zons 3 ut t}‘e Qﬁw- ] ;f‘na

-

Pampatlites, Pegmatitos cory.095d of quartz en? K-feldspar with a

winor enount of magneiite, biotits and occonionslly =211limanite are

sdxnad with 21l the variocus »ock types vhich ruke up the nixed ;elss sube
vnit, HMinsralogleelly the pogmatitze are very ciidlar to eons varleties
of the memetite~quartz-l~"eldspar gnalas; howev y, in gereral they cerry
for Yens megrotite and wors K-feldspor than the typisal gaelss. The
paccetites are maesive and vory in grain size frou ccurso graincd to

~t

exlrenzly coarse gezined (F-felienzr crystals up to 3 faches long),
Pegontite bodles vary fron narecd cew:s end loneors less thon one

Inch wide to leyzsre as thick as 3 fezt. 511 the ogmatlites whilch wewo

-el) enough exposed to enzbls the iraeing of Lhelr boundariss proved %o

ba duetlesse In othor wards they eltlor lonce ocut into the surrounding

gnel

o er fade awy into the gneles, The contacts betwesn the pematites
and the adlocent gneline ave clweya st bt are newr chap or diks
1tke, Instead, the conteclts are gradstional over a distance of an Inch
or two, 4% the actual peutlte-riciss boundary the grains of cach type
ere intergrowm sercap the boundory oo thal the coutact ic slightly
irregular and iz of the sare noturs as tke ircepulaer grain houndsary
ceontacta betweun adlacent la:ers within the gnolicss,

Although the pegmatites usunlly are confermably interlsyered with



the gneims, they oocoasionally eross-cut mdjecent gneiss (Plate 9), 1t

is clear from the plate that the pegmatite lode erces-cuts the gmeiasic
structure of the adjzcent magnetito—quarts»x-faldapaf gneiss as well ac

a8 layer of blotite~sillimanite-rmaznetite~quartg-K-feldspar gneies, Thic
pegratite is massive and wery conrse groined in ite centrel port, It
gredes into the edjacent gneliga Ly a progrecsive decrease in grein alze
towards the torders until at the eontaot the gramlarity of the maccive
pegratite lode 1s 1dsntleal to the gremulerity of the medivm greined
greiesgic w1l rock, Ulote alsc that thie pegmatifte ®econds off conformabdle

-~

siringore w:ick aleo grade into the enolocing rmiss, Elsailiore thin
duetlesc pegnatite sseis and loyers croco-cut the folirsfon of tho gnoiss
at very mell angloe and in sons places actually dictort the zdjacent
leyvrao of gneliss,

Thus the pegmatitos gpresr €0 be astructurzlly distiﬂ?£ Teom the
enelesing gneics and were probably emplaced subsequent to the devslopmant
of the felistion of the bull of the gneigs, In addition 1t is coritienl
to anntse that the pegmatites carrylonly accoscory magmatlta. They never
aprear to be "mineralized® with rognstite, sz Itmediately adlacent queric-
Fefaldapar gnelss may be. Indead, the pegrstiiass actvally cross-cub gnelss
vi:ich carries a falr proportien of magmetits (Plsts 9). Thess obacr-
vations indicate that the peguatliies vwere emnlacsd not only sftar the
dzvelopent of ke pralonirant rock types but also after the emplacorent,
fixaticn ete., of iha nagnetite, It is sugrested tlat tho pegrnatites
raeprecsent late stapge produets of crystallizatien, The Imnlication is
that & corlaeln ancunt of material in equilibriims with the nocnstite-~

quartz-f-feldspar gnolss remained in the dispersed state, 1. a¢, not



fixed or orystallized, until the temperature dropped or soms other physical
changes took place (such ss the developmont of low pressure sites along
gheor onea) vhich caused the orystallization of this disperssd material
into discrete pepnatite bodien.

Fakrige Textural varlaticna in the nixed gnoiss subunit ere as
frequent as compositionsl vnriations and the caueea for both of theee
varintions are probatly related, The predominant magnetiteequartzeli-
feidepar gneiss as well as the othor cubordinate compositionsl types
ineluding the magnotite concentraticns are medium greinsd or Tins-mcdium
grained and fairly even grained, Howevsr, some fine gralined layers ars
sropemt and coarse prained to pegratitic layers are guite abtundant (oeo
diecuasion of pogmatiter). Quartz, ¥-feldepar and all opagua oxides ors
xeetlnstic end either fairly equidizcnsional or of distinet lenticular
norpgtioln:y (Flates 3, 4 and §)e  Si11iranmits is usuzlly in the form of
elongeled nocdles with well developad pinzeoidal faces tub g.nerally
without torodnations (Flates 5 and 6). Dintite oc.urs as thin plstar,
Garnet occurs either na dlssemincied xenoblastic greing or in pCr“:jTD—
blzots in an otherwize nmedium grained gneles, These y<aphyrcohlssta ere
beet developed and most apporcent in biotite-rich and gillimonits-~rich
variotiog of the marnetite-cuartz-Y-faldapsr moias,

The nature of the stiuciure of the rocks in the mixed gneiss subunit
alse aprnars to vary gomevhat vwith rook compo ition, The predoninanf
nagnetite-quartz-f-feldspar pnelss has a distinet gnaissie structure
dve to the proferred orientaticn of the lenticular sghaped grains of
" guertz and magnetite, It 1s extremely interesting that tho varilety

nagnetite-quarts gneiss (metaguartzito?) arpears considerably more
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deformed than eny feldcpathic varieties of the gneiss., GSoth the quarts
and the magnetite in thie variety are drawn out into long thin lenticles
vhich testify to rather intense dsformation, There appears to be a
definite irverse corrslation botween the amcunt of K-feldspar in ths rock
and the intenaity of its deformation febrici such that samples lov in
y=faldagar appear to have a stronger gnelssie gtructure than do samples
pich in F=feldepar (compare latea 4 and 6 with Plates 3 and 5).

In the nagretito—guarte-i-feldgpar ¢nelos magnetite ia genarally
dissaminated in lentizular graina, A4As the por cent of megnetite progrecse
iwvaly increarss 1a the gneiss the magnotite begine to occur as lenticular
ag-repates and thin dicenutinuvous layers all of which eontritute to the
plensr feirie, Finolly, the magnetite is oo enriched as to ccour in
Salinite triek 1ayers (1/4 inch to 3 incheg vids) shich altornrte with
tyriesl rmogetlto—cunrtz-l-feldspar gneles, In these magnstite-rich
layers the poiw gasicsie struetuvrs appesrs evident as in the pogratite
poor wall rock gneles, Low ver, In these lavers the gneissie ctructuvre
fa dqua to lentloular cpurepates end ctreaks of quartsz end K-feldspar as
orroged to sireals end lentieles of negrnetite in the silicete-rich greisces,
Thus the f=bric in the magmetite-rick (ore) layers appears to be escentially
the sxme as the fabric in ths typlezl magretite-quartz-K-feldspar gneics,

The roek varleties vhich srae enrichad in bilotite and sillifmonite
chow a very streng sclrueture due to the proferred orientalicn of these
irequidironsioral minernls (Plate 6), Eiotite plates and eillimenite
nocedles sre alwmyg orientzd in the foliation plane, The sillinmanite ray
or ray not heve a preferred linear fabrie, Thie strusture may bte ealled

achistese with as such accuracy as gneissie, Actuslly, such rocks coneist



~62-

of schistose biotite and sillimenite-~rieh layers alternating with
gneissio quartzoge-feldopathic layers. Thus it 1s clear that the precise
nature of the fabrie ig e function of composition ac well az of defore
mation,

Sulfide zone, There is a dlstinet zons which ie chorecteriszed by
gbove normal content of culfids minerals viich ray be elearly distinpuished
fron the ncrmnl rmixed gneiascs ot the 01d Codon and Doberts !ne (Plate 1),
In these two nlaces the zeno is chont 40 et thick and is logeted in
the rsoutheast wrkincs of esch of the minec, The vons has been trazed
ns far gouthwest as to the chaft Just ssuthzast of the Devenpert Hine,

In the field ths higﬁar eonbent of culfide ninerals relative to sdjaeocent
gneirace 13 rade yarticularly evident by the repe interesa wzatliering of
tha micicses in tho s:1fids mons, In 2dition acuny date {c.e Chepter 8)
from dlanond drill holeg 1 and 2 (Plete 1) vixich Jreluds total sulfur
determinatione, svbetantiate the existercs of a distinct slfids mne,

In each hole the aul?ur content in tha sulfide-rich sone averagss 1.5~
3.5 per cent, but tha eulfur content of tre suifide-poor gneles is always
less than 0,5 por cent ard genarally less than 0,1 per cent, The drill
core data also show that the =zulfide zone is a zond of enrichment in
regnetite, However, it sghould be empharized thet other magnetite rich
conag Which ¢l:9 have been astayed are not enriched in salfur., The
mulfide zone is conformable to the foliaticn of the gnelesan, =nd it is
interesting to note that the zone 1s alwmye In the sams "etratigrarhic®
rosition relative to aediscent gneleses, Thus, there eprears to be no
doubt that this zore is rcre or less traceable for st least 2500 fest

from the shaft ssutheast of the Davenport Mine to the northeast end of



63

the Robverts Mine, It is interesting that far to the northeast sulfide
minerale are rather abundant at ths Copper Mine shaft (Plate 1).
Although it ococuld not be substantiated by fleld obmervations, it is
poszible that the aulfide zons is oontinuous or perhaps discontinuous all
the way to the Coppor Mine,

The sulfide mineraels in the Cld Ogden and Robtarts line vortions of
the zone ere pyrite, chalcopyrite znd ecmo molybdenite, The mne is
rather rich in mspgnetite end on the vhole uppsars to carry rore garnet
than many of the sdjacent rocks. In adiition pegmatite conctitutes a
large porticn of the sgulfide zone at the C1d Oglzn line, bhut st the
Robarts Mine the zone appears to bLe more qusaritszose than édjacont gneissee.

The chaleoryrite and pyritz in the sulfide gone in the 014 Gzdem and
Roberts Hinesg are fraquently intergrowm, Often the pyrita rirs the
chaleopyrite, The relationchips betwsen tha rasnetita 2nd the sulfides
ie quite elear, TFrequently pyrite rims the megetite arnd cocasicnally
a veinlat of pyrite culs zoress ragnstite grains, The toxturel evidence
sugzasts strongly that ths sulfides are later than the ircn oxides,

The pulfide hearing rocks ot the Copper Mine ars rich in biotite,
garnst and gilllimanite and are particularly hoterogenecus., As usuzl the
predoninant type is a magetite—quarte.K-feldspar gnelzsy howsver, there
are muwerous Liotitle, garnetifsrous and aflliranitie werieties, Tre
eneicses all earry a considerakbla aroundt of rasnstite th-SO rer cent),
Sulfide minerals are disseminated throughout the gneiss and probably
forn about 1-2 per cent of the rock, dccepsory minaerals include apstite,
zircon, fluorite and some plegloclase, The heterogencous character of

these rocks 1s strongly emphanized by seans, thin layers and bands of



pegnetite which alternate with the layers ci gnelss, and in which the
K=foldspar occurs as ooarse grained porphyroblasts,

The principal ores at the Copper Mine are magnetite (somstires
nartitic) end bornite. Aocoeccory ores inoclude ilmenshenatite, hemo-
ilmenite, ilrmenite, chalcopyrite, covsllite and some pyrite and molyb-
denits, 1o magnelite ocarries no ilrcnite blades; howaver, in one
racetlon zone with bornite the mormetits carries a few blebs of ilienite
wileh irdicntos that sons ilrenite wnn in £o1id sclution in the magnelite
(reacticn with bernite reloused this iluenite), There ere three types
of bouraite, The £irst consists of indopendent pgreains of browairsh tornite
whleh carry chalecpyrite exsolution filns vhoge orfent :ticn 1a sirictly

od by erystallogrophie plonsse The second is pinkish bormite

[
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indsh ey cceur as indgpendent grains tat uore frequantly occurs aos
exhdrel intorgrovihs with magnstite, Thia type esrries excolution

e aleeyrile in the forn of blebs or dreplots and as strings vhich wind
In a “.rivoss pattern within the bornite. Eoth typea of chaloopyrite

«r: condintd to the central part of the host erystal, This type fro-
guently grades into type threa, The third type is bladed bormite, 1. e.,
blades of bornita (with exsolved chalcopyrite blebs) alternating with
bledes viieh coneist of a mixture of limonite, rutile (7) and ilmonite.

This type is found adjac:nt to mognotite and dofinitely replaces scme

acnetite, The copper sulfldes hawve boen partly oxidized to covellite

-

long fractures and at grain boundaries,

©

it seems evidont that the copper sulfideg are younger than the
magnetite, Bornite of the first {yps probably erystallized dircetly

from "conper colutlons®;y whereas the sscond and third types of ltcrnite



were probably formed by replacement of magnetite by "oopper solutions.®
In this case the bladed bornite would reprcaent the early stages of this

replacement process,

guertz-K-feldopar gmeise
introduction. The guarte-I-feldcpor gnoiss is a vory uniform subunit

which is conformable to and forms rart of the henging wrll to the nixed
zneles mubunit, In the gouthwest jart of the Edlcon arca the quartoz-X-
foldspar gnelss interfingers and lences cul Into the biotite-quartz-
fcldspar goelos cubunit, To tha porthenst the gnoiss has thinned or
pinchad to a thicknzss of zbtout 150 feet and 13 confornahle btetwesn the
northeazt extoencions of the mized pncles subunlt and contaminated horne
hlenda grenite, In its eontral portlon the cuarts-t-Celdsrar gnoliss 1o
abeub 200 foet thick, Thua, the shaps of this sulunit in horizontal
erosz seotion (Flate 1) is that of a large lens with a length of 2000
feet end a maxirus thiclmees of 900 foot,

Hinsrnlooy and gompositione The nineralozy of tha quoartz-Kefeldspar
gnclcs 48 very simple, (muoris and perthitic E~feldspar (sse Chapter 6)
sre the two rmajor minerale, Garmet od iloonomagnotite ars the two
prircipal secceegsory winurale, 4As in the case of tho magnotite-quartz-ie
feldspar grelss, plagloelare 1s e2lunys ebsent in the quartz-R-feldsper
gaeles oexcopt in some samples talen from szones which are elosely esce-
ciated with the tiotite-quartz-feldaspar gnolsas, Other nocessory mirerals
include blotite, zircon, allanite and apstite, Secondnry minerals ars
seriecite, chlorite and rarely heratite (rartite). Chlorite rzy cccur
exclugive of hiotite but frequently it is interlsyered with biotite as

en alteration produst, GSoricite eould bo an alteraticn product of



plagioclase, Hematitio slteration of ilmenomagnetite (martite) is usually
pot present; however, occasional semples contain traces of martite (never
more than 1-2 per cent of the ilmenocmagnstite).

The quartz-K-feldspar gneisg is a very uniform rock. Ths modal

n.lyses of 16 sarples of this gneiss are presented in Teble 8 along with

the arithnetio means and vardancas, In Figurc 5 the modal percertare
of quartz-K-feldspar and mggnstite, recaleulated to 100 psr eont are
plotted in a triznpular disgrame The dicgram cnd verlances ecnolusively
substantisto ihe field irpression that the graiss has a wry unifern
composition, It is partlculsarly intececting end egifnificant to nolse that
the variahility of the quartz~l-feldgpar gﬁ&ics is much leszs than that
of the nagnotite-querts-Y—foldsnar gnelss (eumpare Fipure 3 with 5 end
Table 5 with 8). »

falric. The texture of the quarts.l-feldcrsr gnolce is es unifom
u#s iteg corpoasition, The unweathered grelss 1s eithor a pintish tuff or
crayish thifte colory 1t westhers to & rmsty crange color. The rock is
fine greined 2nd equigranular (Plate 7),al£hough fing-rmedium graired zones
are pregent and garnst graine ars often cluuped togother in porphiyroblagtie
lile aggregates. The minerels are all equidimensienzl, Magretite ocrurs
s dieseninated graing tut ray be enriched £lightly in thin gesma, laome
ragnstite greins sre subhedral; =zircon is usuelly echedral (with scre
slighi recorption ?); otheruise; the iinerels are all yunoblasiie, The
nincrals are not Aintergrowa ruch aleng rrein boun@aries. Instead the
sontacts between grains are slightly irresular tut swmocth, 1. e., the
graing ars not intergrown along a tortuous (cuture) boundary (Flate 7).
In sumrary the texture is fine groined, equigranuler, equidimensicnal and

xenoblantic,
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Table 8, Mineral szalyses of sixteen samples of
quarts-K-feldapar gneiss from the Edison Area.

soptete £ § g R RE 4 §gedd
E~40 41.9 51.4 L5 x 2.2 x x
k-6l 40,0 57.3 2.7 x x x x x
E-G5 35.6 57.7 1.0 x 5.4 x x
-30 45.9 45.1 1.8 x 3.7 0.3 3.1 0.1
E-75b 1.1 53.4 3.3x 1.8 x 0.4
2-2la 8.2 L7.4 3.8 x 0.6 x x
£4-163 39.8 53.8 3.2xx 1.2 20 x «x
F=170 1.7 47.0 3.0x 3.9 0.3 1 xx x
=177 35.8 59.7 3.0x 0.3 1.0 x x 0,2
IA=20 (2.8 51.1 3.7x 0.4 x 2.0 x x
L3217 39.9 53.9 3.9 x x 2.3 x
Ed~2(5a 13.9 60.1 1.3 x 6.0 18.7 x
E2-931b 53.8 36.7 L4 51 x x
Ed=-932 53.9 41.2 1.6 1.6 0.8 x x
Ed-2544a" 42,4 41,29.1 2.8 0.1 Lih X x
E=145¢ 37.2 56.5 5.5 x 0.3 0.4 xx 0.
Mean 40.2 50.8 0.6 3.1 x x 0.8 x 0.2 0.7 2.8 x x x 0.1
Variance 81l.2 50.4 1.5
S 0.80

L2 0,76

K={d, + ore

BFrom contact zone with biotite-quartz-feldspar gneise.
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Quartz

K-feldspar | Or

FIG. 5. Variation in mineralogical composition of quariz-K-feldspar gneiss
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The struoture of the querts-f-feldspar gneiss is gramulose iTyrrell,
Pe 274, 1948) with sore bands and stresks of prophyroblastic agrrogates
of gurnet vhich impart a rough follation to the rock, The streaks and
lenses of garnet ere from 1/2 to 3/4 inches thick and ususlly 1.3 inches
longe The distributicn of thepe garnot azgregates is somevhat irrepgular
and in zones frec of ruch garrat t*e rock 1s ucually very raesive, As
indicated previcusly all the rincrals of the quartz-f-feldspar gneiss are
equidimsnricnnl; thoy ore caldom of lenticular ghapes or in other forms
which would surrest that the rook has besn defornzd (Plate 7)e Zven the
credng of parnot vilch ocour in lenticulsr opprras-tes aprear undeformed,

trus, the ghructure of the gnaiss is cxtreroly faint end is due to the

[

prosonee of lonces and girealis of distinet ninerel composition, 4, 2.,
carast a-_orerutes, It 4s intercoting to note that this glivcture ig
gonlermobls with that developad in adjaccnt gnoics, but it should bs

pharized that tho febrie of thoe quartz-i-feldspar gnelss isg rueh loss

Ty

Covelopsd than thad of eny of the cdlacent meisses.
Clrenification, The average ninoraloglo composition of the quartz-

T=f21anar guelas 1s given in Tohle 8, The striking festures of ths
comnogliticn are the high quartz content and shsence of plarioclase
faldanar, The conposition, as 211 as texture, corracpord closely te
Fornat alashits of the 4direndncrs (Tud dington, 1951) or a granitoe
aplite (Jahansozn, pe 302, 1932), However, bacauce of the nature of il
geologle occurrsnea and tha alipht foliation, 1t seems more censible %o
give a genersl nae to the rook instesd of a grecifiec narma sush as splite,

Tharefore the rock 18 deseripiively elacsed as a quartz-X-feldspar gneiss.

(5ee Chapter 11 for a further diascuscion,)
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Belationahip $o other rogks. The contact of the quarta-K-feldspar
greiss is conformadls to the foliation of the mired gnelss subunit, This
occnteot i3 very well expoeed on the northeast end of tke 01d Ogden Mire.
Here the contact of the quartz-K-feldcpar gneiss is with the magnetitoe-
quartz-¥-feldepar gnzisses of the gulfids zone, The contect ip conformable
end very eherp with ne obeervzble gradaticnal zeme, There cppears to be

P A

no intorlayering of the two rock types, The fekric chaongen ot tho eonts

2

ere quite epporent, The rineralesieal chonges have toon stuvdiod in
detell, Sarples of esch type wore toiin st distances ¢f 1 to 2 feet fron
each cthar carocs the contaets On the thicle the minaraloyy ie sinilar in
that quartz and ¥~feldegpar are corsron essential mimerals, Piotite, eratite,
zircon ard regrnetite ers esrron acrescory pineralse Garnst is lirdted bo

the quartz-t~feldsper gneiss, The tio racks differ ro:i in the nature of

tke oxide and smlfida minerzls. Fyrite and chaleopyrite cie accastory

s

-

ninorals In the sulfide sone htut are sbsund in the 1rondlclely sdfecont
quarto~t-feldspar meliss, If~rt* {ite iz wore abundant in the nnnstitoe
quarto-f-feldspar gnslss and is nartially altered (sbout 15 per eent) to
hamatite (martits). 7The mesnetSte in the cvartz-X-feldspar gnoiss is
rtiraly fros of any martita, Althoush theze features are not of grost
racaitule 1% ia interesiing that sveh viriastions occur over mich minll
diotenceas,
In it scurthwest extenzion the quardz-F-faldspar ¢nelisz lenses cut
cipletely in fzvor of the blotite-~quartz-feldeper grelss, To the north-
ecst the opposite 4z the caxse in that the blotite-quartz-feldsznr pneiss
lenses out into the guartrzeV-feldsper gneiss, In the zone inmedialely
goutheast of Edimon the two gneisses ms wall as some blotite alasidite

are strongly interleyered. The representation on the Ediscn area map,
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Plate 1, is higxly dlsgramatic in that the entire gons coutheast of
Edison ig a complex interlayersd mixture of the quarts-K-feldspar gnelss
and ths biotite-—quartsz~feldspar gneiss as well as biotite alaskite. The
gonag as mapped seem tc congist predominantly of the indicated variety
dut the other kind of grneins es well as biotite alaskite layers aro
ubiquit ous, The seale of the interlzyering of these thrce types may be
szall encugh to be seen in 2 single thin ssetion, In the {41eld layers
as thin as 1/2 inch lenss out 4n%o one another (Flates 10 and 1), Tie
contzets tetusen all thitee rock types arsextromely abrupt, The o-nlasts
s> not voin or dike like bt instcad are elmply the irresular interlooh-
ing grain boundaries betwscn the ninerels of ths jarticular voek Y- g
{(Flate 11), The widih of tha contuct zon2 ia no greater thon the vidih
of tre edrsest graln aloag the boundary, Ho gralational ecntretz wiore
obazrved,

Only minor varlations from the normzl of the two gnelesce pxd the
biotite alaskite rre noticed in thls camplex interlsyorad zore, ke
textursa of the thres rock typss remain the sere as in ncn»intoriayercd
zones, The coarss grained character of the blotite alrakite is in
sharp contrast to the medium gralned biotitequartz-feldspar gnelss and
the flne grained quartz-F-feldapar gnoles, In guch corplex sones tha
quartz-li-feldspar gneiss somotimes carrica e faw rer cent of acosssory
plagioclase, Thia appoars to be its only mincraslecinal change from she
normal. In the contaect zone Letwran blotltcequarts-feldepar greies and
biotite alackite sltersd hyparothere (2) 1s present. In addition tre
bistite quartz-feldapar gneiss hes & =1l Wt simmificant inercose in

i~feldsper content in the interlaycred zone (sea next ssstion),
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Otherwiss there ap.ears to be no significant mineralogical deviations
fron the norm2) varietiss found in non~interlayered zones,

Biotite-guartz-feldepar gmolsg
Introdustion, The tiotite-quartz-feldspar gnelgs formg the hanging

wall to ¢the nixsd gnelss cubunit in the southwest part of the Zdison area.
Tre neiss lenses eut irto the quartz-F-feldspar gnelss to the nortlieast
n? has ba n treced to the southumst ocutside the Xdicon area to the line
siove the Ddison wmit 1s faulted, Thus tho blotite—quarte~feldspar gneise

sutunit ie a cheat chaped nasge shich is conformable to 21l the swerounding

idneralosy, The escantinl nirerals of this gneiss ave quertsg
rlagtenlase (oligeslace) 2ad glightly porthitie E-feldopsre Cictits is
aluz s the most dmroriant wardetal mincral and garast 4s eithor a
varfsbnl o unjor ccenponry ninersl, Subordinate accessory winsrals
iaelods homblends, Ll onoarmetite, {lmenite (losally beomoilnenitn)
rutile, snatide, zircon, hyporsthcne end allanite, Second:iry nminerals
are opidote, chlorite, siricite, rutile and hematite,

The pleciccluse 4s in the oligoclace runge of corpositica (4An 20 i3),
It is purtizlly sltered to s ricite ard poretives epidots, Both {ri-
clinie (micraeline) and ronoslinie E=Celdaspar are preczatl in tho tictita-
suartz-toldeuar gnelse (e22 the discuscion in Chapter 6), In eonirast
to the plarioolese the "~feldapar 48 free from alteration, Tunrbtsz is
highly streained bttt nev r cruched or granulated., Diotite {8 a rediish

browm to e very dark brown variely:

Z=nedivn gtraw ellow
Y=dark rediish brown
Z=very dark brown, near opaquo
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The biotite is partially altered to epidote and chlorite, Hornblends

is a dark gre-n variety and is unaltered, iiypersthene is a flesh oclor
and generelly intensaly altered to a micaceous mineral and an opaque
oxide (hematite?), Hypersthone has been found only in the gneies vhich
is ¢losoly sesoolated with alaskite, and is intorpreted as having formed
an & conocquence of this relationship., It is interesting {o nole that
no martite is present In the ilisncizrmotite; howevsr, the ilwinite
bladeg within tho mapgnstite and th2 frze ilrvnite grains are froequontly
altercd to a nottled agiresnte of rutile and heratits,

Pekric, Tha biotito-quartz-feldsiar (meiss is a groylich whitle te

eddigh b2 color on frach surlecs., Tho paclss 48 nodivm or coorpse

e}

va2dimm grafned but fincensdiwm end eonrse grain~d warieties ars present,
The gnalus is ev.n grainsd bt is corsiderably less go than the quurbo-
f=feldepar gneies (Plate 8)e In nluces porphyrcblaste of f-foldapar
(Flnte 11) and porphyroblastie azerepatas of roamet are presont, The
rinerels with the excepticn of zizcon and azatita are xcnodblasite, In
soms zumples tﬁa quartz aud feldspar ray have a slightly lenticular chape,
tut vpually they ers equidinmonsicsnsl grains vhich are of amnehoid charaster
in that they have very irre;ular chepes and grain boundarlea (Flate 2),
Diotite oncurs ag thin plates Wiich are erilented in the fabriec plane,

7he biotite-quartz-feldepar grneisa has a distinot plencr structure,
This ic duveo té the preferrzd oprlentatisn of Lioctite plotes and Yo glipht
textursl and compositional variatinns within the gnelea, In ndliti n
ecnforiatble Interlayers of distined rock types, such as the qusrtp-l-
feldapar gnsiss, emphaeigr the structure, Locelly the biotite content

becomes g0 rich that the roek has the febric of a blotite achigt, The
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planar structure is aleo intensified by the oocasicnal lenticular shape
of the quartz and feldspar,.

The structure of the bilotite-quarte-feldspar gneiss is not ae greimsic
(in the penne that the btulk of the minerals are "shearsi" out fnto thin
lensea_and lenticles) as is the structure of the rocks of the mixed gneies
cutunit, Instead its siructure ig intsrmodlate betusen the nearly magcive
quartz-E-faldspar grelss and the very gnelosle nixed gneles subunit,

Commesition, In Tsble 9 the mudal analysos of tuoniy-tw srxmples
of blotite—quertz-roidspar gncies (ona thin czction p-:er garple) az
prerented, The aucunis of cuartz, plagicelase and H-feldcpar for such of
thess gamples has btean eceleulatazd to 100 per eont and plotted in a
trianpdar disgram (FLmre 6)e  The diasran indlieatss that the 1vdal
corponition of the gneless is nonevhiat variable but t-h;;t thoe aupocrs 10
b: a dsfinite ccncentraticn of camples whicee quarts centeut 4s from 20
to 35 per cxnt, VWlthin this range the ¥Yaloldonor content voricy fran
0 to 62 per cant oo the plazicelnco contont varies fron 79 o 25 por eocnd,
On the basis of the feldznar preportions tuwo distinc%. 20M38 are rsovge
nizable within the biotitc—quzrtrz~feldspar gnelgs eutuntt, Uore B
includns thase greisses in the area eoutheast <f Idigon which are inti-
nately mixed with the quartrfn-?ﬁ-feldspar‘ grnaiss and tiotite alscshite
(flate 1) Zone A inslvds3 those ;meisses well southwest of this mixsd
zona, iron the diagran and the reans in Teble 9 1t ig apparcut that
the gnolsses in zone A have an aversge contunt of plasioslass eomew
vhnt higher than thet of the gncisses of zone B, Thus it is clear that
¥~feldppar is increaring ir proportion te the northeast toumrd the quarts
K-feldgpar gneies, Despite this remarkable variation it shculd be
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Table 9. HMineral analyses of 22 sanpies of
blotite~quart~.feldspar gnetss from the
Edison unit,

qtz. E-fd. pl. ores py bi. ser, ch, hb. gar. ep, al. 8p. sr. acc.

ou—

Zone A

m..z[,s 23,0 1104 10704 17.0 x x X b 4 X 1.2
£3-247b  25.1 58,2 10.5 x 4.8 x x x x 1.4
E3-249 26,6 22,8 39,8 x 8.4 X x 2.4
E2=250 13.9 53.5 x 17.2 x x x x x 15.4
E2-2565 37.3 19.3 34,2 6,3 x «x X x 2.9
¥can 27.4 13.5 33,9 11,3 3.9
Zone B
126 2B.6 25.4 31.0 x 13.7 X x x x 1.3
=205 37.5 31.5 24.3 x x x 6.6 x x x x 0.1
12218 25.6 33.7 3., x T4 x x x 1.9
LA=D3 0.4 51.4 18,6 x 13.0 x X x 16,6
EC-240 192.1 35,0 35.0 x 9.7 x X x 1,2
12-243a 23,7 3C.9 32.0 x 11.5 x x x X x 1.9
E1-2/1b 72 10,0 64,2 11,2 X x x x X x 12.4
113—9‘52 3-‘4:8 14!5 l6v X 1500 X 19.7
12-963 31,7 18.3 35.0 12.0 x x x x 3,0
id-Gole 26,9 31.6 29.1 x 9.8 x 2,6
Fi=2540le 32,9 17.6 3L.6 9.8 x xr x 5.1
Mca-n 23-9 2703 31'9 10.9 6.0
Other
Sunples
£3-173 2.2 36,0 26,3 x x x 14.2 x X X 2,3
3200 0.8 1445 39,5 x 5.2 x x X x .1
E—B'ggo C}ol 8‘-0 3307 X 809 b 4 X X 0.3
Cverall
Moan 27.1 22,8 34.7 . 11.0 A
Oversll

Variance 130.6 219.6 154.7 14.6 35.6
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Quartz

samples from zone A
mean zone A
samples from zone B
mean zone B

other samples
overall mean

® 0O o KB x

L.—feldspar Plagioclase

Fig. 6. Variation in mineralogical composition of biotite - quartz-
feldspar gneiss



emphasized that there i3 not s oontinuel werwution frox :iotite-quarte-
plogioclase gneiss to quartz-li-feldspar gnelm. The tw sypse were
always éistinot In the field and as can be sam from F.—=es 5 and 6
thers ic & distinet compositional disecntim—:- botweer hem. In
addition there is a marked texturnl and fzitw:: disocont:—=3iy. In ciher
woerds there is no evidencs to ruriest that s:s guartz-’- 2ldepar gnelisgs
wes forred by eontinual enrie t~nt of E-felir-ir in a t.7ite-quartze

plagioclass gnoiss,

- Iitholorie varintionse In oome plress 222 bilotit- wrboefeldspar

Lo

snzise appears wniform ard ths only aprarest =rietion: o due to the
elizhtly irregelar distritutien of the bletize =nd gars. Cenerclly
the pnofes is interlayored with other rook t—:se Thir lerlsyering
‘vay b2 on a seale of 1/2 to 1 dnshy or b oy 2 one s of 1 10 10
fart, In {ta northozst exteat the gneiss fz xasidere s interluyeced
it Liotite slaskite ovd quarts-Yefoldspar ~ciss (Plr. s 10 vnd 11).
L8 cxn b2 obgerved In ke platss ths roeks =~ interlss *»3 en a seale
‘of inches, Ad’itionzl rock layirs uixed viit he gnelr include pegmatite,
somo bietite sehist, garmct rich layers (eyssi-ic), bir_te anphibolite
- ard pyroxene-plagiceless-herntlende eiarn,
Aalationghip to otler rocka. The detivr-quertse’ “lspar greiss 1is
eonformable to 2ll adiacent rock types. It: sootact r.:lons to the

quaric-K-foldspar rmelse omd Vietits nlaskis: zrve digeoz d in the

gection on the foriwr gnofaos,

zpddeto=aoapolitomquart s suoiss and relatel Z-cieg

Introduetion. The epidote-sorpolite—~ii-iz gneim mbwnit (here-
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after the lime rich subunit) ocours in the northeast pert of the Cdison
ares and extends to the northeagt to the line of termination of the
Edison unit st the oblique fault near Highway 23 (Figure 2), The subunit
lencges out wver— rapidly into the mixed gnelss subunit} ons zone cf the
iime rieh evbunit was mapped within ths southwest pertlon of the mixad
gnelss subunit, otherudes no intcrlsyering of the two types Lz apoaront
(ilate 1), The Meafes unit ca ths northwest linb of the Decver Leks
antiolins (Fipure 2) 4s probably the cheatiprayhie equivelent to the line
rich gutunit, Ko lire rich eculvalent wic leocated in the Se~d Eills
wnit, The 1ine rich cubunit is 2lingys conferiabls to adjcent rovis,

The lime rish zubunit is corpos od of a variet ty of interle ered rock

tipes vhioh vory Srom rebagquartzites to quarto-feldspar gaslsrcs,  Tntera

nedinte Lypea Intluds feldrinthie metacuartsit=a and feldspor-oivts
gedoses, A1l thess varlstles zro ehurnctarized by the gawe snits of

varietal end zneccosory nlaszrels whieh en the whisle are lime rich, Joaily

tha feldspur rich loyers woather cul rowe readily than the qu-vha rich
layera so that the lavering ie su-hacized by a ritbed-like strugtuvras

which sivaeg the gneles a "mip-atitie® nzpoet,.

Minoralozy. The ninerals in tho lirs rieh mitunil are quite distinct

”

frem thozs in cehher gubunits, The cutstanding mineoralosie fouture is

thg high enatont of quartz crd of 1linma rich nirercls, e rajor niunrilsy
throvghout the subunlt src quartsz, placicelage uad rierocline, Vesichnd

rinsrals are epidote, scapolite, hornblande, pyroxene, b1 ite and tiliena,

Acoegnory rinerals include caleite, magnetits; hematite, gernat, <lias.
zoisite, allanite, muscovite, apatite, and sircon, OSecondsry mincrols

are sericite, epidote (clinozoismite), Lenatite (martite) and two varieties



of chlourite,

Quartz 1s mlways highly etrained., Mierocline is always very clear,
unaltered and has good cross-hatched twinning, It is usually cormpletely
non-perthitic, but loeally slightly perthitie microoline is present,
#lazioulaga vories in ecompozition frcm An 20 - An 302 5., It i3 elumys
pertially altored and sormatines completely altered to saricite and
enidcte (elirozoisite),

Pyroyene Ls & pale rreen ronoclinie voriety, Two of its optiesl

rropervies are listed balows

A

.69 % 0.001

y
+ 55 to + 61°

2V

1

ite pyroyerne is clear snd unaltersd, Its properties prove thut it 3s it
e auzite (B ss, 1949) but inctead eorrecponds to a none~lundn.us pyrosors »
of the dicpside-hiedonbarpite gories, The 2V and Ky valuss gorsespind
vy elosely to the opticul propority curves for Adirendasck sleen pyrorios
(liren, 1949). Uuing these curvea Lhe pyroxsne is ideatifled e wpalita
wyith nbout 14 atorde pe cont M, Th2 curves indiectlo the tobal A1203
oy be about 3 weight per cont,
llornblonds I3 en abundant verietal and cesepsory pln.ral, nnd
througheut the enbtire line rich subunit e singls wvariety 1is prescnt,
Charactuoristicelly its eslor forvala is:
=10 ¥
e
2 = madiur greon vith s faint bluleh hue.
Its 2V wories from =78° tc ~83°, The sbsorpbtion eolors and 2V nescvre-
ments correspond to hornblendes of the tremolite-sciinolite group ani to

the actinolite varisty specifiecally (Winchell 1951; Sundiuvs, 1946).
Ucuzlly the hornmblende is elear and unsltered; occssionally, it is
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intergrown with biotite in & foshion vhich suzpests the biotiis replaced
she hornblerde, end often it ig altered to chlorite (see secondary mincrels).
Bictite 4n the lime rich subunit differs considerably from the biotite
pleevhere in the Pdlson vnit, It color formmls ia alwayss
X = colorlecs to vory pale yallow-brown,
Y = pale yvellow-brown,
2 = nedium rellevw-trowm,

Trore golore corraspond to toese of rarmeshm rich bietite, 1, e,

vhizo pite, Uranlly tho bletils 18 rncltoredy however, 1t may ba altered

F e &

3

s 4 P
to opldate ond

¢lorida along lersra parallel o the 001 plane (cza esction
cn eraondary ninerzla),

Berpol’te oncurs as leercto grains, Iia birefringence is rather
Feafgnr

ik {002 42 0.03) vhish intlegtes that 1ts composition is iaionite 660
e

("ek%nlYy 1051),  The renpoiite dees net epnosr to have developed zm

an 2itaation of pleglocless, The two mineralsa froquently ocour 2ido by
sids in a 2in7lo thin seo2iism =nl bPoth apo Lo be of primavy origing

io e., forred dnsing retarcrphle reorysisllisation, Oenpolite is somo-

Cuhsng o a3 discaninated rraina and as coronas eround {rca

sddote ar-ears to ke bolh urimary and seemndary, Scoondary

epidote g o alraration rrofuct of blotile and plerloclesa, Prizory

(%S
by

anidote 1oy coour os dicovete graing or In dicerste agriesutes of many
ennli gratne, It ds & nale 4o mediuwn groen variety shich apreavs soioe
Wiat zonwd.  Freoquently at loast tws kiuds of nrimary epidote are present
in & gingle rocke One type has high rolief and birefringance and is a

rodlum green color and gtrongly plsochrcie, The other type is colorless
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has snomalous blue interference color and 18 of low re_af, The color-
leas variety corresponds to oclinozoisite while the gru:z vorlety ocorresponis
to an epldote scmewhat richer in iron, The iron rich e shows strong
soning, It may te that therm is a continual eomporiticml varistion

btetwcan thess two types,

The principzl ircn oxides in the limo rich zulin!' :re voricties of
bhenatite, These arc 1lnonoheratite (135!{65) and rutiil--‘lmoncheonmatite
(Rg_16110-a0fno_g5)3 hemoflrinite was not observed, I.motite [hich is
partially eltored (< 107) to hezatite (nortite)/ is sui-=dinate to horailte,

Czlcite occurs a3 discrete proins and dofinitely :oavs to bs
prinary,

Seriecite ig the rmeat obunient secondary minorcle 25 seccurs a5 el
altzrziion produch of plecieoelzcs and sonetines se-pel.ize It 18 e
quontly accorpanicd by elinosolsite,

Petrogrephicslly tor verieties of chlorils are wo ilzed, The moat
chundant Lype has a very pole greca cclor, wzak pleoel~isn, ancuzleus
yellowbrovn I: ta*"i‘aréz:cé:; eolor end 1 lenpth fast, 7.3 variety corro=
sponds to elinoclore (?) (Winchell, 1951), The seooni roriety hns a low
birefringence, anmmilous hlue interfersncs ¢olor and iy oolorlecs to
vory pele gieen and leagih slow., This variety correc-—13 to pemninite (7)
fiinshell, 1951), OGersrally the tuo are interlzynced -osallel te OO in
a sort of layored enlerite cumplex. Hernblende 1 f£re- onily alterced o
ruch & complex in whiich elinochlors (7) 4s uore atunde:s, Bictits 1s
also eltered to thias ehlorite complex; however, penafz_siz (?) is rrob-tly
mare abundant in thie aliesration,

Fabrig., Tho bulk of the rocks in the lime rich s=ounit are redium
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grained or fins-mediun grained; however, some coarser grained warlsties
and pogmatitic facies are present, Usually the rocks are even grained,
Quartz end feldsgpar and most of the other minerals are xenoblastic,
However, some of the warietal and accessory minerals sush ag horablends,
pyrovens, epidote, ecapolite, biotite and iron oxides may have subhedral
outlines, Biotite socurs as plates sliphtly slcnrated parzllel to the
trace of the 001 plane, Hornblends, despite 4ta gemeral enr~drel charucier,
is vounlly elongatad parellal to orystallograshie e. Feldopor is alweye
equidinensional, but quartz is gonotines of lentioular shopa,

The rocks of tha 1irw rich gubunit have 2 diztinet pasigsoic stiusturs,
The inteasity of this stiueturs wverles fram spcciren %0 spseircn,  Thore
coens to be a grinoral corrzlaticn bebus:in intansity of the melect
strusbure and tho psrecntage of feldgpar in the rock; such that rosls
_cv in feldepar end hizh in quartz haws g bottor develeoped slivuetuvre, Tn
veneral the structure fe Gue to tha proferrad crientatlen of biotita
platog, elongated hornblende grelina and leaticaler shapod sralns of quoctn,
In gzaples rich In feldapar or with eguidimensionsl quertz the siruchurs
is dus to ths ordentcd mefiec minarala, The pzicrlic structure is evhas
sized by distinet cumpositional layering, Thia &s caused eithor ty a
digproportiosate distribulion of such ninsrels ss blolite, hornblends,
pyroxcne,; iron oxidas, eta,, or is less subtle und ia ezniad by the
elteration of laysre of quite dilffarent coapueitions, sush a8 mota-
quartzite and quartz-feldspar inelsa,

Jdtholoric wuriationg. 4s indlestad previcuely the rocks of Lbs
lime rich subunit vary from metanuartzites to quarts-feldspar gnslsses

and all earry the same general sulite of lima rich varietal and accessory
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rinerals, This suite of minerals is common to sil the rook types wvithin
the subunit but the mineral proportions vary considerably from rock to
rock, The rock variesties occur as distinct layers which vary from fractions
of en inch to 1 to 2 fest thick, Typieal rock varietiec !nrlude such
rmelaseg 2o, (1) seopolite-epidote-ryroxens retoquartzite; (12) epidote-
pyroyene-quirtz-raldspar goedgep (3) epildote-biotite~hoimmblende-feldspare
quartz molesy (4) cpidote-srhens-prroxens—quertz-rierceline gnzlcap (5)
epidote-garnat pyroreno-ceapolits-quartz-misrcclire gneiss; (6) pyroxeno-
hornbtlendoequarts-feldspar gnolasy (7) scapelite-blotitochoratlende~quortse
feldaper enciss (soopolita and plagicelass both presant)y (8) cenpolitew

¢ ddctomronens-quariz-feldspar gneisrg (9) feldapar—epidots-caleite
soboqunrivitse, ete, It ds partlevlarly Interosting to note that pyrezone
ard hoonblerds cegur alde by zide in tha cam2 rock with 1o apparcot
rosction or replaceront rolationchin, Aled, soqpelits and ple. fcelon

Yoy oc:ér cide by side, In vory li-as rich roek; 4. @., hich in cridote
ac (4) ctovz,; plogicelnse nny b2 sbeente Thesa poneral relationshipa
gussest that bulk charferl cunposition wes the moin ecatrolling facter

tn doternining the final ninsrsl egremblage, It secns certain that nmore
or lg's: identleal pressurec and texgsraturcs prevailed throuchout the
c:nti;e 1irs rick subunit during the period of crysiallization, Henoe,
all ths ningrals feund in the sulumit wonld kave been cteodbls throurh-

oub th2 oatirs gulimit if ths bLnldk chendstry of ths $iriadiate :2flieu

wis prepor for their developmsnt (sea Yodor, 1952), For exarple, in rocls
vhich c:rry abundunt Ca rich minsrals, miorcolino and quartz, ag (4)
zbova, it geems losical to conclude that plagioslrse is absont fronm

such rocks because the lan content wzas too low to enabls its formation
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end not becquse the pressure and temperature were beyond the stability
1imits of plagiooclsse, In addition where secapolite is absent or closely
ssrociated with plagioclase, as in (7) and (8) above, it secems likely
thet there wus cnly limited amounts of €171 and 0472, ete., in the
rock formirg nmilieu, Very likely the abscnece of horndblende in favor

of ;yroxens, as in (2) chove, and ikelr arsoecintion together, as in

(6) above, indlcute +thut a limited eavnt cof Hzo wasg rresant 4n the

rock forming syetenm {Yeder, 1952),



CHAPTER 5
STRUCTURE OF THL ED1SON AREA

LATRCDUCTION

The structurzl features of the Ldison area ara related to the
rezional structursl pattern. The Idison arca is on the southesst 1lirmb
of the Paaver lake entiecline which is the ricjor structure within tha
i2iswn block (Figure 2), (n tho uhole the gtructural potiern of the
Zdicon arsa is simole end consists of tabular chuped lithologlo units
w:ich ara oriented rarallel to the axisl plane of the major fold (northe
en3zt strike and stesp coutheact dip) and extend seross the oatire arca
{iFizta 1), Thoe quartz-olisuclaz2 gneiss, the pyroumne gronite gnelas nd
Aisea wnit 211 cuterop es relatively navrow unitsg thilch trond wiovthe-
eact ceross the area, ‘Youwaver, in detall ths slrustuvre of the ares is

guite eonrlew, The principel rirtctural fantures Includs follstinsn,

1fasation, folds, femlta and joints, -
FOLIATION

Foliation is tlLe most previleat and obvisus Intornal strucsture
within tha lithologle units, The termn feliniion 18 &pplied to any Hlanzr

structure within tha reek, Foliatisn im nunifest either by the proforsod

cientation of inequidismcnsi-nal minerals or minzral apgregzates such as
rica, amphibole, sillimenite, lenssold quoctz and faldcpar agrregatac,
etn,, or by distlinct rouk layers with compositions different from adjacent

layvra, The foramar kind of folintion is called cleavmge and the latter
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componitional layering,

The 1llithologic units repros:nt the largest pcale case of such
componitional layering., The best examples of compositional layering
ere anrhibolite layers interlayered with quarcts-feldspar gneiss or
1ith granite (Flate 2), Such laysring 3s on s seale of fractions of an
inch to tens of feot, In the Ediscn area the mixed gneles cubunit, the
biotitommartz-feldepar gneiss and the quartz-oligcclese gneise 211 chow
raryed coonogitional layering, Cn the other hand the pyroxecna syenite
{meirs, casiiz-f-foldspar gnaips and varisua grenites in the arca are
rathar unifora and have 1ittle ceopesiticinel layering.

Claavags ie due to the preferred oriantation of minsrzls snd ninsrel
amregates and s proszat to some dagree in almest every rook typs. It
is parti~lasrly wll devsloped in the quartz-ollgzoclase gaziss, the
virroaang nrenite gnelss end rocks of the nived pneiss subunil,

On tha whole the foliation strik:s uniforaly northesst ond dips
v.rtineally o storply te ths scuthenst., lenoa, coxpooitioasl layering
and ¢leavage are gencrally parallel, However, in places the lithologle
unitz are conterted into minor folds, In such canses the compositlocnal
leyers remain parallel to the larger lithologic units, whereas clsavage
either remaine ;arallel to the axial plane of tha fold or disapi=arz in
favor of Yincalion, Hsnea, aslthough tha eorpositicnal layaring ie
diractly r2lated to tha larger lithologle units, cleavage is relatsl Lo
the folding, i, e., the Feaver Lske antielinaz, and is properly cnlled ~n

exial rlane elenvage.



LINTATICN

Lineation is the escond most prevalent internal structurs in the
1ithologic units, The term lineation is applied to any linear structure
within 8 rock, Lineaticn cousad by the preferred orientation of elongated
minerale or minaral agrrcrates sueh a3 amphitvole, sillinanite, quartz
rodpo ete., is callsd mineral lincstlieon, Linestion cszused by the dirco

£l aligmment of elongated rock was~os with ccmpozitions different
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rection fa eauctd eitler by the fold axzs of

_eonsurted corpogitionel layera eor by orlented masses of rock vhich ars

cithor.red cr lath ahoped (Plats 2).  Such mousas are ou the orler of

s
5
o,
v

wog to tens of fool lenp,  Such =all geozle lincar eloncsts ore

s

Andlar {5 largs eonls featureg invelving vhole 1itlislogic 'nite, Cone
o

pesitional lincation is atandant along Loth ¢hd sxvos end limbs of folds.

o drdisnde that ruany of ths macnetite rich layers

e
»-}i
Ct
%
v
5
Y
e
e
[
[ ]
23
m
3
[+
4]
3
(2]
(o]
*
Ch

J3m the mined gmedes melwalt are cuch lath shuped linsar alessnts,

Minoral linea.ien manifestsd by the preferred orlentaiion of elon-
gated minzrals or nineral asurepates is partioularly obilcus in the mixod
gnelss gutunit, Sil11iz-nite ncedles cre ericntad in the foliation plane
and ponerally in a proferead linaar patiern, In adidition elongsted
agorexabes rich in masrotlie, biotite or sther minerels are oriented
in the foliatlon plane and 2led in a prefarred linoor pattera,

here both caxpositionnl and nmineral lineaticn are pregsnt they
ere parallel, In the Ldicon arca %ae sbrike and plunge of the lineation

are always to the northesst, i, e,, parallel to and in the plane of the

foliation, The plungs of the lineaticn varies from 10°® northeast to
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nearly vertical and averages about 50° northeast. Compositional
linsation is rolated to campositional layering and hence to the mafjor
14thologic unite, Mineral lineation ie related to cleavege and appcars
eguivalent to it at the crest of folds. then viewed in terms of itg
relationship to the major Beaver Lake antieline and the mincr folds the
inzption in the idison area corrzsponds to the b exis of the re;icnal

rovorent pleture of deforzatisa (Turnsr, p. 532, 1951),

FOLRY
[ e

There are my.erous 3211 folds and crerulatlions in the Zdizoen area,
This folding Involvae ecrpositi~nnl layere which vary in thiclmess from
fr-eticng of an inch to teng of feet, A1l such siructures ave interpritad
ag =inop folls related to the major Ceaver Leke enticline, n e wnce
rogt of then are considsred as drag folds on the lintes of the major JclAd,
Althouzh the d&ip of the axdsl plans of most folds in tho Sdiszon cvea is
popallel te that of tha Boavsr Iake anticline (steep scuthenst), the
rlungs of the rinor fold axes in tho area avirages 45°-55° northeast ad
is therefere gorevhal greater than that of the Beavar Lake onticlins,

At tho 014 Ogden Hine ninor folding 45 obvious on tha central ridse
of the cpen plt and involves conpositionzl layers 2 inches to 2 feot
thick (Plate 1). A cyieline wAth g breosdth of about 4 feet is ovidend
rzlong the cront of the ridge, 7le axial plane of the gynoline dirs
stesply (75°-35°) o thoe scuthezst and tha aris plunres 55°-60* northe
eagt, Thers ig a certain arcunt of minor cronulation assoeiated with the
structure, Obviously this gyncline is best interpreted az s minor drag

fold cn the 1imbs of the major Eeaver Lske antieline,



In the Roberts }Miz:s there is an exvellent example of a minor drag
fold exposed in the stripped southwest part of the open pit (Flate 1),
At that looslity a 10 to 15 feet thick magnetite-quarts gneiss layer
is tightly folded into a minor synocline and enticline, The exial nlanes
of these folds dip steeply to the southeagt and the axes plunge at
about 50%-60* rortheast, Hence the architacture of the minor folds is
gaerstrieally einmilar to the Loaver luke antleline, Within the foldsd
ragactiite—~quaris gnelas leyer and adjfacent pneisses there are tany
tightly orumpled and crenulsted leyers, In the magnetito-quarta gucise
leyer thin 2rg of quarbs alternats vith thin layurs of uegnolits in
guch erumplsd structures, Toth the masnotite end quartz in this lnyer )
ara gheared out intg?lenticular graina end agrrepates bubl nalther appear
c.uched nor brececliateds The evidence indlentcg that the Coldinsg tonl:
pleca while the rook vzo at a relatively hiph temparaturc and heanse was
skle Yo voorystsllize during deforuation,

The gynhicline in the gsoutheast port of the Udicon arca (P1lats 1)

is the largest foid within the ares, The sxinl plane of the gynclins is

“

zhout vertieal and its axis plunzes 30°-40® northengt, 7he brexith of

the gymelirns is about 1200-1500 feot and the fold is relativaly opcn,

The structure is best definad Ly the gamet-tlotitowguartiz-feldsoer gnelcs

-

~nd by minor afie rich leyers vhich are niwgsal in the conteminated
horablende granita, The northeast extension of the bkovablende groniis
rlunges bemweth the trough of the eyneline as a phacclithie body, 7That
there 4s no continuation of this f'old to the northwest i1z en enirsa,
It 18 postulated that the originel relationships hawe beon obsoured

either by tho mubiequent emplacement of the quartz-K-feldspar gneiss
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or by pre-Canbrian faulting along a plane n2ar the northwest contact of

the garnat-biotite-quarts-feldspar gnelse.

FuULTS AND JOINTS

The northeact trending hich engle faults are the najor fracturec in
the rogion and wore discussed in detail in Chapter 1, It is interesting
that within the major fault bloo¥s very little minor faulting of any
type is present. It zproors es I all erustel cdlustzent hos teken
place nlong the few major faults which divide the srea into structural
*loclrs, }

Jointe are the rozt prewvalent kird of fracturse in the tdicen arez,

A 2t of jolnte wiich strilss northuwoct and dips steoply to the sovthuouvt

~

Tz vhiquitonra. This cot whilch is about perpaudicular to the lincatlioa
a3 Colinticn of tha 1itholesio unite 23 a ood example of traonsversa o

2 ¢ Jnindsa. ha ospasisg of Uneez Jeinte varica from fracticns of sn inch
t2 1 4o 3 fezt and daponds upen tho kind of rock fractured. In relstively
rooive roeka sush £s the hornblends grunite the Joints are widely spueced
sud in heterogeneous rocks such as the nixsd gnelss subunit they ere
eleenly epnocie

in ndiiit’on to the trensvcrz2 Joints thore is a less well devaloped
gct of lonpitudinal jointe rresent in {he mixed eneiss subunit, This
24 trends noertheast parallel to the girike of the folietlicn and dips 15¢
to 20° northiest, Thosa joints ers gpaced inches spart and unlile the
sranaverse joints arc not smooth extensive planes but cre rough discon-

tinuous plencs. In places where both trancverse and logitudinal joints

are well developed, laysrs in the mixed ;molss subunit brealr out as snmall
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parallelpipod polyhedra bounded by two joint planes end the foliation
plane,

In some places a Joint zot vhich trends northwest and dips gently
northeast (pcrallel to the plungs of the linezticn) is prosoni,

The minor faulting in the Zdis'n arca ip parnllel to the transversc
Joints and probably is genetleally related to thenm, Ouch ninsry faults
ere interproted ag transverce jolnts elong vhich thore has tesn minor
dizplacencnt, The cnly foult of any significcnvs in the idison area
ts located 600 fect couthwest of tho Big Cut. There the hariszentel

ol foat of a magnetite rich luyuer 15 150 feet,



CHAPTER 6
DETAILED MINZRALOGY UF VHL EDISON UNIT IK TUE EDISCN ARZA

E-FELDIPAR

introduction
Tho mogt inmportant mineral in terma of its volume per cent in the

rdison crea is K-feldanar, Even within this gmzll area the K-feldepar
ghowg conaiderable variation in tarms of comporitlcon, tiwinring, ccorthitie
intergrowth end Y=ray powder patterns. In pzrticular, differencas are
noted between the Y=faldepar fron tha blotiteeguartz~foldepar gneies,
muartz-F-feldspar gnsiss and frou magnstite-quartzY-foldspar groiss ond

migaetite wleh lay2es within ths nmixed gsles subinid,

™o guarte-feldopar eoncentrates talion froo roeks within the i 3
gnsiss subimit wore anslysed Ior Caly Bing0, Ko0 and Pad, lauple 1/4 is
frem a magnotite rich laysr and cauple 145 13 fron the adjacent (w111 roek)
magnstite-quartz-fefeldapar gnoiss (seca Table 4B for mineralozie data on
thase roeke). TEe analytical data ars proseated 4n Table 10 zlong with
rcealevlations to the usual feldspar moloaules, The very low aluite
cerdent of both thece concentrates sibelsatlates peirogrsihle and Lesny
cbservations that 1ittle or no alkitz w1 present in elther rock ol
The very high colszina content of the feldspar fronm tha magnetlite rich
leyer (144) ie in marked contrant to the low cslsian contsnt of the
feldspar fron the maymnetite~cuartz-F-feldsrar 111 rook gaciss (145).

Ro other ¥Y-feldspars werzs anslyzed,
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Teble 10. Partial chezxleal analyses of quuri--feldcpar
concenirates fron the mixed gnciss subunit,

144 145

e, & oxides Feldspar molecules Yit., % oxides Feldspar roleculos
Cal 0.09 An 1.0 Cad 0.04 An 0.5
Tan0 0.45 Ab 9.0 H220 0.46 Ab 10.6
V50 €.09 Or €2.7 F20 5.32 Cr 3.6
Bad 2.23 Cal 9.3 Bal 0.06 Czl 0.3

8,91 102.0 6.23 100.0
124 = Oorzoatyate fron 8 magns’ 1%e rich luyer, Conlen Cut, Fdt ow, Ul J.
145 = Concexntrate from ma 2od itewqu%ru ~Fefeldspar gnelos (111 coek to

124}, Czndon Cut, Edison, I, J.

Anxlyst:s Doris Thaemlitz, 1954,



Twingine
The E-feldsper associated with wermotite rich layers is always
untwinned, This is in contrast tc the K-foldspar in the wall recck
nagnotite~quartz—-Ff~feldspar gmelss wiich always has distinet crogse
hatchzd (grid) twinning, The lulk of the K-feldspar in both the blotite-
quartz-feldgpar gneiss and the quacts-Y%-Ccldzpar guelse elco hes distinet
eroge-hatehed microcline tuiniing, bHowsver, H-felldspar porphyroblaste
(Flate 11) within the biotite-quorte-feldusar gnoics are alunys unbuwinned,
there microcline orld twinning 4s procent it nay be very obvious with
vids end eluar croso-halched lorellee, or it ney Wa exlivzaly faint, so
that wiﬁhoat a very detsiled ermnminaticn it corld be nistelen for valulate

extincotion, Tha desree of twinning often vorles progrecsivaly in a

"

einple grain Tron a well tulnned pertion of tha grain irtc En spneronily

The Fef2ldepara froa the mexastite rich lgyers and from tha magmetite-
guartz~f=-foldspar giciga fron the nixed gnsiss gubunit carry only rars
filmz znd lonses of albits and are thus deeidedly vonep rthitie, The
rartiel analyrses in Toble 10 of the guartz-—Leldepar eoncentratas from
cueh rocks  vovs thst thae alblte conteut ig very low, Thus, the sanlyticel
data pre crngicetent wdth the vetrographleo obro-votion that thare sere bud
Teuw filma and lenc2sz of cxoolved albite in the K-loldspar and thet thero
ia no free =lbite in these rociss  In addition the analyses show that

there could be only a few mole per cent of altite remaining in polid
solution within the K-feldspar.
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Visual estimates of the ancunt of perthitic intergrowth in the
K-feldspars from the biotite-quarta-feldspar gneigs and the quartz-l-
feldspar gneiss indioate that there are more films, lensesg, blebs end
viins of exsolved albite in the X-Tcldspar of the latiter rock than in
ths T-foldspar of the former rock, Istirales of gusst altite intarsrown
with the Z-feldspar of the quartz-Z-feldssar gnelss rarge from 1040 por
cent and appzar to averange nea= 20 por cent, Sinilar estimates of the
guest albits in the R-feldzpar porphiyroblrsties and metrls foldopar frem

tho biotite-gquartz-feldspar grelcs aro lowsr end eppcar o avorege absut
10 per gont, 7these petrographic oborrva'lons are eubztrntiated Ty Fwos
sovder data, Cpeoeiflienlly, tio l-foldspar m:mples froa the quarto-f-
fzldspar gnoiss gavd Zeray diasreng with diztinst albits peaks lor Q40
(ths Wil plars sith groatest intensity, Geodyear and Doffin, 1954), In
ecalrest two E=loldopar porpihyroblests from tle blotiteequeriz«feldarar
crales gavs Xerny diasvans with 2 @laorly discomnible bubt vory wek G40
albits vpeat, Abzoluisly no 040 albits ponizs were vigilbls in thoe H-rvay
diagrona of the F-leldeprar from the nagnct\ite »ich layer and tres zdjaccat
nagrotitowquartz-tafeldopar gnzias (Samples 144 a0d 145). Thus tho Yeray
data substant:ate the pelrczraphic and chemieal data thabd the T-feldupsrs
from the nmixad gnelss bunit are very low in albite and that the R~

feldapar porphyroblasts frca the blolitowgquartz~leldepar grneiss contain

ernaiderably leass lnbarpiown albite than the ¥Yefoldspar from R quirtce

A

F-feldspar gnoiss.

-ray datg
Goldsith and lTaves (1954) have presented the 20 end 4 wvalues for the

prineipal reflcotlons in powder diagremas for microelins and sanidire,
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They point out that the refisctions from the 130, 130, 131, and 131
planes wre very useful for distingulehing between monoclinic snd trielinioe
K-feldspar. In the case of nmonoclinic K-feldsper of course the 130 ard
121 lines are absent, In addition G:)dmeith and Laves proposod that the
Jegres of triclinie character {4rieliniciiy) of K-feldspar 18 & function
cof the decreo of ordering of Al gnd o1, ¥feldgpar with completely
Urardored A1 and 81 would be monoelinie (ranidine) and K-feldspar with
cmpleta AY end O ordering would be microcline with a maximm decres of
trielinieity, They esteblished that tha gpacing bebucen the 131 and 13
linag wip a rmoamre of the exdering of Al end S4 in Kefeldgpary thercfore,
they ueasd these two reflecticne ia ordaer to calculete trielinicity aecording
to the following empirlecal formmulas
(trieclinioity) = 12,5 f3(131) - 4(131)/

Tn the e-s2 of sanidine whers the 121 end 131 lines merged into a glngle
121 1in2, th2 trielinlefiy would be revo, The conglnnt; 12,5, wre chosen
2o that the most ordored micrcelize (roximan miercclins) whilch they liave
X-rayed wiuld have a triclin‘city vaiue of wnity, In the pregent sindy
Yefeldspars fron swrples 144 and 145 from the pisned gnelas cutunit (sue
1bova), and two samples of K-foldmar from the quartz-i-foldspar gnelgs
(1993 end 2544-a) and two E-feldspar porghyroblagts (2544-c¢ 1 and 25//-g 2)
£rom tha blotite~quartz-feldspar melcs were studiad by neona of Yeiod
powdsr diagramS.

Tha vatwinined, high oslsian K~feldgpar from the wagnstlia rich Iarer
(144) gavo a digtinet wonoclinie X-ray pattern. In ad?ition both the
untwinned K-f2ldspar porphyroblasts (somples 2544-0, 1 &rd 2) fron the

hiotite~cusrtg-foldaspar gneiss gave distinet monoclinie X-ray ratterns,
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In Tables 11 the observed 20 walues for selected reflections frou: 1o
three samples are listed along with the 20 values given by Goldamith and
Laves (1954) for sanidine, The distinet 130 and 131 reflections and the
complete abeance of 130 and 131 roflections definitely prove the monow
clinic charsaeter of these thres samples. The ezlected reflections for
tha high eclaicn eample (144) ap cer to agroe tetter with the data for
exntdine than do the reflec ifons from tho other rmonoclinie samples,
Goiwvry none of tho 25 valu-g fron the thres gamples differs by rore
than 0,15 degrans fron tha eorrcipeoniing 28 valua of eanidine,

The pample cf Fefelderar frem the macnatitecmquartz-t=Celdppur gneisa
(245) save a triclinie Xergy powdar patterns. The sanple gave distinet
reflections for btath the 131 and 131 planes as well as for the 130 and
139 plares (sea Tabla 11), 411 the 28 walues for ths s-lected reflcetions
agree Within 0,1 degrecs with the data of Goldstith snd laves for nicroe
elinz, The triclianleity s exleulated froa the forrmla of Coldsaith and
Lavag 1e 0,9, This correspunis Lo a rolativaely hich degree of ordering
of 41 and 54,

The Z-ray data fron the refaldgpur samples from the guartz-i-feldscar
gnoles (19038 and 2544~a) are vory dirficult to intorjcet, Doth thoss
surples conboin neny grains vhieh show distdnct microeline grid twinning,
s 1t wag exoested theat the Z-roy powdar diasrais wiuld be usre or less
fdentieal Yo tiat of gurple 145, This ldontity wos evident for all the
asleetad roflections exzcopt tha 130, 130, 131 and 131, (pee Table 11),
Ingtead ol glviag dlstinet doublets for ithess two palrs of reflsetions,
both eamples gavo a oingle brond sssyrotrie peak on the apectrogran in

the ranges where doublets were expectod, However, superimposcd upon these
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Table 11, Partial X-ray powder diffraction data on K-feldspar.

Monoclinie K-feldspar

298
Calculated 298
nkl  FeX Cuk 20, observed, Cuf 4
144 2544e (1) 2544c (2) 1906 254a
201 2604 4.2390 20.94
111 28,4 3.9460 22.51 22,5 22,5 22.5 22,4, 22,5
200 29,0  3.8661 22,93
130 29.6  3.7294 23.46 23.55 23.6 23.6 23.53  23.6
131 31,0 3.6222 24.56 20,3
202 343 3.2327 2704 27.03 27,02 27.0%  27.05
QL0 34.6  3.2551 27.38 27.55  27.55 27.55 27.52  27.53
002 35.0  3.2130 27.63
131 37,7 2.9960 29,80 29.82 29,98 29,57 22.45 29,39
222 23,5  2.93%0 30.42
01 38.9  2.9070 30.73 30.78  30.05 30.85 20.45
Triclinle L-fcldgpar
2a° -
Caleulated 29" |
hkl Fek d Cuk 4 28, obgerved, Cuk 1
175 " 508 Z5iia
201 26,5  £.2233 21.02
111 23,1 2,9873 22,23 22,3
200 29,1 3.3531 23.08 23.1
130 22.3  3.3273 23.22 23.25 23.1-23.2 7
130 30,3 3.7038 24,01 24.02 24,0 23.9
131 30.7  3.6567 24.32
202 34.2  3.2920 27.06 27.04 27.09 27,05



rable 11, (ocont:i.uad)

Triclinic K-feldspar

o

2P

Caleulated 26°
nkl  Pek a®  cuk 20, observed, Cuk 4
_ 145 1508 25/4a
220 34,6  3,2551 27,38
002 34,7 3.2460 27.45
CLD  34.8  3.2370 27.53 27.52 27.52  27.53
222 33,2 2.9582 30.18
131 33,3 2.9508 30.26 30.19 35.15 30,15
G22  33.9  2.9070 30.73
01 38,9  2,9070 20.73 20.53 37.83

EDnta for sanidine froam Goldanith and lzves, 1954,

bruts for misrecline feom Goldgrith and Tavea, 1G54.

144, fren magnetite rich layer, mixod gnelss subonit,

145, frem magnetito—quarts-K-feldspar gnelss,mixed guelass subunit (wall
rock to 144).

2544e, (1) and (2), porphyroblests frot biotite—quartz-felisner grelas,

1608 and 25442, froi quartz-d-reldspar gueciss.
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broad peaks are identifiable smubgidiary peaks,

In sample 1908 a very strong and distinet subsidiary reflacticn is
present at 25 = 23,58, vhich corresponds to the 130 reflection of poncelinic
Kelaelds;ar. 4 second less distinet but very obvious subsidiary reflection
in 1992 is presont et 20 = 24,00, which corresyonds to the 13) reflection
ef migroalive, In ediition a rather faint subzidiary reflection may be

ont at 23 = 23,1 « 23,2 vhich wuld correspond to the 130 reflccticn
of picouallinn, Furtbiroore, sanple 1303 has a distinet sudbsidiary
r2f1ce lea superimosed on the broud reillsctiion at 28 = 30,15, thich wuld
eovrespeal with tha 131 reflection of mieresline, In addition thors are
very D289t tut dictinet subaidliazcy reflections at 28 = 29,85 ond 28 = 22,6
dhiish would corvoegpond Lo the 131 roflaction of pinoslinig Hefsldspar end

a1 2520-a hos a very sbtrous gubelidiary peck at 29 = 23,6 thich
ecvrescnovls exzetly Lo the 120 rallectlion of nomoeelinie E-feldapars In
ad’itien thor: I a dlctiret hab weak ooloidiery reflection ot 23 = 23,9
vhich eorrerponds to the 150 refleciion of nigroelina, 4loo in pauple
=3 thzpre 15 a very strong subsidiary reflection at 28 = 22,39 vhigh
corraszonds elesaly with the 131 reflocticon of ronoglinie F-Celdspar,
There is 2 csugoontion of a subsidisry reflection of 20 = 30,15 which

eorresponds very cleosely to the 131 reflection of rig regling. o sute

cidiney reflectlong corregponding to the 130 end 131 planes of ricroclino
ary clearly ap.aerent in gample 25443,

Inaccmich as albite is intergrown in perthitis frshion with X.fnldepars
1923 end 2544~3,1it iB nzcencary to consider the effect this will have on

the ¥-ray dlagramc, Goodyear ard Duffin (1954) have propanted ths Xeray
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powder data for a series of low and hiph temperature pla-loocless feldsparc.
The 040 rofleciion for low albite (the roflection of greatest intensity)
was compared with the corresponding reflection fur K-feldspar in both
semples. 1ln each sarple the 040 reflection four F~feldspar wes from 4 to

5 tines mors intense than wos the 040 reflection from the intergrown
#1bite, The data of Goadyenr and Dufin (1954) for low tcrmerature
2lbito-cliroslass indieate a 111 reflcchiion with a 25 welue botweon

23,6 end 23,68, This albito=clicoclaca rallecticn would not intar?

23

with the 139 or 120 reflectdcns of nicrosld 2, bt 4t could anplify the
130 refleclion o noascelinie E-feldsnar, Howmwvarg fa the Light of <
largs intoosity fnctor (4-5) ia fevor of Z=foldsnar, it cosis highly
improlnble thet dhic 111 roflcetion could cause or gvin influnwmes the

-~

sy definlis ond rother gorang enbolddnpy rofloction (b 28 = 23,5

821

311 23,6 vhleh bas boon notzd Yo eorrespond o ihz 120 raflecticn of

momoclinie M-foldcpor iIn oo pdos 1903 end 28445, Tha 1;* ~:lestion

‘
v
} de
©
e
o
:1"
T

Ra D3 range of 30.0 - 20.25, Thip reflcoe
Limn wdoubieily has influcnced the slrons pubsidiary voflzetion in
coude 1602 ot a 29 woluz - 30,15 (131 microsline), Agein the intonasil
fastor in favor of K-folizpsr rabsa it unlikely that the influence of
this 131 elbitz-olirocluzs reflection could be great snovzh to indo-

rendmily enuse the suboidloey poak at 20 = 20,15, In 2diition no allits-

I

. o

clirccleea reflocti-ns are indioaied wnien could cause the vory faind
but distinct subsidliary reflecticns ab 28 = 29,85 crd 29,6 (131 of nonoe
clinio and trielinic Hefeldepar respoctively), Thiarefore, it is eraeludzd
that the influsncs of the intersrown low tex ;erauure alblte-olircolase

on the K-feldspar X-ray powdsr diagren for tho two samples (19008
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2544~a) from ths quarts-K-feldspar gneiss is not adequate or of the
charaoter to markedly alter the diagram. It seems even more unlikely
that ths albite-oligoclese could influence ths Ke-feldszpar diagresm in such
a wey as to produce the two broad refleoticae with the particular sudb-
sidiary reflantions, lLagpeclally difficult to explain on the bozisz of
glbite-oligoclnee effects is the very distinet and strcaz sutsidiary
roflecticn at 29 = 23,58 and 23,6 (4n 1208 and 25442 Tooncelively)
vhich correspond to the 130 roflecticn of moncelinic H-Toldopers

There are two interprotatlcns of the Z-ray p—awrfer Alesrarg of cume

4+
1%

(x5

plza 1502 and 25/4~a from the suarts-B-feldepar goeiss, Flrst,
quits pozcible that these E-{oldszies enrrecpond to“ﬁfcrccline ~f sudh Yow
triclinfeity that tha deublots 131131 £nd 179-130 ere poar or &b the
roint of rarging, so that Insized of reiling o distinet yeflect? rs in
thoge rznges, es was the cne? for th2 micrceline, cne obtzing the Lwo
broad reflacticons with the mlsidiary reflecilons supuriupossds Towivor,
if much faith is placed upen thoss subridiavy reflecticns a wholly
different interprotation &s apparcnt, 1n briel theéa ¥~feldgpar sannles
wmay oonglst of a misbure of trislinle micizelire end poneelinig Y-feldsper,
4fa indlected praviously the cubzidiery reflsetions corrzepond in pert to
nicroeline rsflactions and in part ¢5 munielinie F-feldspar reflectl-ns,
fuck a nixturs mighd originats by the freoiplcote inversicn of an oriinal
ronoelinle ¥~feldgpar to nlerocline (I;:,..,, 1950, 1052) inwevsr, ths
poosibilitiss for developing such a mixture are vnlimited, Goldsuith and
Laves (1950) have oxamined single crystnls of F—felderar in which tho

are sreas of moncelinic end triclinie mywiotry., In adlitlon Harker (1954)

haa reported pranite gneies in vhieh orthoclaee end mierocline occur
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topether, not infrequently in the same erystal, Furthermore, MacKkenzle
(1954) reports the ogcurrence cf orthoolase and miarocline in the same
rock es wall ss in the sams orystal, Thess obpsrvationa lend some
subotentiaticn to ths hypothesis of mixed R-foldzper polymorphs, More
significant is ths fact that the gamples 190% ond 2544-3 from quariz-fe
reldspar gnelps are very olos:-ly as=cociated with the blotitc—quartse
Tfeldspar gasiss vhich carries the popaclinig X-feldspar porphyrcblasts,
Suzple 254/-a netually comes fron the identical hendepselirsn, (ehown in
+1ate 11) s moroclinle E-foldsper porphyrcbluzsts 254/-0, 1 and 2,

Thus 1t wuld not Le curprising to £ind moncclinle Kafeldopar mized vwith
1211 twinned (triclinfe) ricrooline in the quarizeX-feldspar gnaias,
Viry lik2ly tha senoe giluaticn would exist in the malrlx ¥efrldispar in

the blotitsequarte-feldspar gnales,

Swrary end nzirolocia siqnific-nce

it hes boen eghown that the untvinned E-feldopar vhich 13 aczseicted
wvith .agnetlto rich layers is noncelinie und ecarrles up to 1D por cont
calalcn In eo0lid solution, In addition the ¥~feldspar pormiyroblasts
frea the tiotite-guartz-feldspar grnelss ers monoelinie. The K-feldepar
from the magnsiite~quartz-f-feldspar gnelss of the mixed proiss subumit s
mieroeline £th a trielinieity of atout 0,9 and hag les: than 0.5 por
cont eslsien in s51id solution, Z-ray data indicrte that thae E-feldspar
froz the quartz-K-feldspar grelss 18 not a trus triclinle mierceline,
but it is sither nlerocline wvith wvery low triclinielty or nore lik:-ly 1t
ie a nixture of both triclinie Z-feldspar (rierocline) and uninverted
rionoelinie E-feldspar, In eithor ease the bulk trielinicity wvalue of

the X-feldgpar from the quartz-F-feldspar gn-lss is considerably less
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than that of the microcline from the mixsd gneiss subunit, Chemical,
petrogfgphic and X-rzy data g1l indigite that the amount of exsolved
albite intergrown in perthitic fashion is 11 per cent or less in the
K-feldspar from the mixed gneiss subunit, 10 f.o"as per cont in the K-
feldspar fram the blotite-quarts-feldspar gneiss and as much as 20 per
cent in the K-feldspar of the quarta-E~feldspar gneiss.

The monoclinie syrmetry of the gelsian rich X-feldsper from magnetite
rich leyore 15 diffieult to explain, Inssmuch as there are 0 many un=
golved problems concerning the stability relationsghips of the elkall
feldspars (laves, 1952, 1954), it iz inappropriate to proposc a special
pot of physical conditions (pressure, temperaturs, thermel history, ste.)
to agcount for the mounoclinia syrmetry of the high osmlsian K-foldspar,
Laves (1950) has proposed that microcline grid twimning is a transfor-
mation type tuin vhich dewslops during the inversion of monocelinie K.
feldspar to triclinio X-feldspar, In the light of this hypothesis it
gecms likely that the celsian rich E-feldspar formed under the game
general physical conditions (compositiocn excepted) as the wall rock
microcline, but because of its high ocelaian content it did not invert
from the monoclinie to triclinic form as did the low celsian wall rock
microcline,

The wvariable content of exsolved albite in the warious X-feldspars
as indigated above 1s petrologically wvery significant, It is evident
from the alkali feldspar solvus curve (Bowen and Tuttle, 1950) that all
these K-feldgpars, swhich are orly slightly perthitic and are mot true
nioroparthitea\, probably cam® to a final equilibrium at temperatuyes less
than 660°C, The difference in albite content of the K-feldspers indicates
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that the quarts~K-feldspar gneisgs came to a final equilibrium at a
pignificantly higher tempsrature than did the K-reldsoper porphyroblasts
or matrix mierceline in the biotite—quarte-feldapar gneiss. ~s the
magnetite-quartz-f=feldspar rmelss 1s unsaturated in albite it ip diflieult
to ocorpare the low albite content of ite E-feldgpnr with that of the other
tws rock types. It iz difficult to explein why there should be signifleant
tozpernturs difference betwzzn the blotito-cuvarta~oldspar geziss and the
intimately ascocloted quarte-l~feldspar gnelss, It 1a mugrested that the
quartz-F=eldspar pnoiss ray have crystaliized from a (2udd (ragzue) vhich
intruded and parrweoted clder rocks and bty Moetasomaties hes coused the
developrznt of the less perthitiag F-feldspar in thz bistits-guarto.foldspar
gnzlas,

The low triclinielty of the K-feldopar from tho hioctitewgquurtn-feld-
euar goasles end quertz-V-feldopar gneice as compored to the highly triolinic

cleroeline from the nixed gneles guhunit sugeests that tha lattor ga2locss

r

s

origiented under goathal differont physiesl conditicns thzn the other tw
subunits,. Teatatively it is guozostad that the microcline in the rixed
crebea subunib orystalilzed e 2 lower tenmpersture and ponsitly was ccoled
at a glowar rete encbling pgrsater ordaring of AJ.% ard 5147 than 4n the
R-fzldepars in the other two gueissas, This hypothesis is in kwaping
vith thoe idesz thal the quastz-~feldspar rrelica was poszibly sn igasous
rock which crystallizsd at a hicher temperature (es indicated by the
sreater porthitie intsrgrowth) and probably cooled at a more rajzid rate
than the rixed gnelss subunit, lsnes, the K-feldppar of the forrar
gneies did not conpletely invert to microelins but instead reteined much
of its original menoclinie character, i, e., grazter disorder of >

and si%*,
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ZLRcon

The siroons in tha mixed gnaigs sutumit are quite distinct., They
ere very small spherical shaped, disseminated grains and are colorlese
in thin seotion, Rarely are the 2ircons elongated and in this ecase
thay urually have rounded terminaticas. Zireons were separated from a
leyer of parn-t-blotite-pillimonite-quartz gnelss (B-151f, Table 6)
from the rmixed gnolss subunit, There wire at least tuwo varietics of
zirecon in the concentrate, Tis wmost abundant type 1o a pinkich bLrown
¢2lor and had the follewing colnr forrmlas »

¢ = browmish yellou,
1 ¢ = Mcghter brounich yollow,

The sooond virioty of gircon in the ecneontrate is less abundant and
is of distinstly lichter color, It is pala lenmon yollouw with no Lroomich
tinte, It nposars alioet celorlens whileh 18 In iorkod contrazt to the
pinkich browm of tha prineln2l vardisty, BHoth of thaps variclica of zireosn
arg dishiratly roundsd, Sore rreing s perflect vrhizrea lubl cthurs roe
slishtly elonputed with rounded terminationes, The presenes of tus lkeds
of rovndad zivecons in a gnoles uhleh has mich glireng matasediantary
affinities is indeced sugresiive of a elastle origin for tha zirvewns,
Zirecn 4n the quortz-K-feldspar gnales 1s of 2 single dintinet type,

5 a dsrk reddish brown color and falrly pleschrole, It tguzlly conws

-4

t

bte

np disgominated, stubly, eukedral crystels, The crystal faces cuv | i
tirzs slightly rounded (resorbed?). his zircon 1o cuite disbtinst in
oolor and morpholoygy froa the zirecns daroribsd ebove and correcixals to
wvhat might be considered a primavy igneous cireon,

From the above deseripti-n It might be ooneluded that ths zirecns



from the mixed gneiss subunit are of gedimsntary origin and izdicate the
sedimontary af “inities of mugh of the mixed gneiss subunit, In eontrast
it 18 oug-ested that the zircens of the quarte-K-feldspar gneiss are of
prinary oripin and indicste that the gnelgs is a magmatic rock,

GARET

Vithin the Idissn unit in the Edison orea garnet is prepent in el
the prinelpal rock typss, lHowewer, its disiribution ia quite irregular
within theeo rock typos. CGoinst oovurs a3 dissominated groine end op

JE
porphyroblectle egiregates of groing ueuslly ciriented in the fabrioe
vlane of the rock, GCencr2lly, the gernot is intergrown with iron oxides
and quarts in a peikilitic fechion, A1l the garacts are e pink to rad
c~leor,

In Teble 12 g 1ict2d a conplste chemiesl analysis of a garmet
(2=153a) which uos ponzieisd fron a namotits rich leyer from the Rokirds

Ilnee 7ho grenot is a spocoariito-alnzndits with less than 15 nole por

ecent of the clher griract msleenles, Fer eompariscn an enalyeis of a

and Iagrel, 1953) 1s ineluded in Table 12, A weisht per cont nodal analysis
of the roek frin vhiloh the garnet was paparated glso 18 given in Talble 12
(3-1535). Tha rock corra:ponds to an cre and right be oalled a garnote
¥=feldgpar-quirtz-namatits gnsien,

A gzrple of grrnet was also sepzratod frem a laysr of garnet-biotite-
sillinanite~qusrtz gmaiss (P-151f, Table 6) from the mixed gneiss subunit
and analyzsd only for !1mC, The annlysis 4s listod in Table 13, T7he

composition of the rock oorrespondes to a rock of metasedimentary charscter
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Table 12. Chemical composition of garnet.

B-153a . Hode, B-153z, Wt. §
810, 36.33 33.03 quartz 33 % 2.0
41,0, 20,82 22,05 F-feldspar 13 1 1.0
T40, 0.05 0.07 marretite 33 ¥ 2.0
Fey03 1.50 0.5 tlotite 1 1 0.2
Fed 21.92 22,43 carnet 5 1 0.5
Hn0 14.51 1,57 accczsories® A4 Y 0.2
150 .11 6.49 100
Ca0 3.58 1,52
Ha0 + 0.04 0.13
Hy0 = 0.05 0.05
P205 :_.i: 0.05

$3.97 105,27

mla
Fyropa 1;.5i
Aliandite £0.7
Spessartite 3.2
Ardradite 4.6
Grossulzarite 5.0

160.0

B=1532, Carnot froa nasnetite rich gueiss (ors), Roberts !ine,
Edfeon, New Jerseyy 4 = 4.157, Dorle Traanlits, analyst, 1254,

® Garnet {rca partly zranftized parazmelss, Adirondscls, Engel and
Engel, 1953.

® Apatite, fluorite, zircon snd monasite,
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although i proportion of ore is fairly high, The MnO oontent of the
garnet is 12,7 £ 1.3 weight per cent, vhich corresponds to about 30 mole
per cent spessartite,

A sample of gurnst was slso peparated from the quarts-X-feldspar
gnolss and enalyzed cr nD, The snalysis (1908) is listed in Table 13,
This garnet carries only 4.9 £ 0.5 weight per eent M0 wiich correcpornds

to 11 mols per cont spescartite,

Table 13, 1m0 anslysas of gaimots,

g

B.1511% 1903%

120 (wt, $) 12,7 £ 1,3 L9 £ 0,5

0.151f, from a gornot-blotite-sillimunite-quartz poelss within the
rired gholise subunit,
1908, from guartz-K-feldspar groiss,

* innlyzzd by the "lmmessta Dook snalycls Laborateory, 1954,

Hiyechiro (1953) hag pointed out that at high metamacphie grade,

=rhibolite facies or higcher, ths eomrositifon field of walapitos is
enlargad such that Fe and Mg rich garrets can form as raellly ae im rich
garnetg. In essenss at auch ratwisiphie temparaturzg garnet dess nod
distinguish tetween the 3 ir:> and as & renult the composition of ths
garnoet is a consequones of the composition of tha petrolezie systenm, Thug
the differences In 0 conteal as deseribed ebove indleste diflevencss

in the MnO content of the rock forming system., Therefore, 1t sccme gafe

to conclude that Mn ie enrichod in the mixed gneiss subunit (ore nons)

relative to the iron poor wall rocka such as the gquartz-¥-feldspar gneiss,
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NAGHETI TE-HEMATITE- BLNITE-RUTILE FARAGENESIS

Introdugtion
The follecwing scotion i1s devoted to the detailed description of the

romotite-henstito-1lmonito-rutile parageresis (iron and titanium oxides)
cf the ragnatite-quartz-t-feldcpsr gnelss and the related rocks of the
~dizon uvnit, The obcorvaticns have been mads mostly on the sarples teken
from the Fdison mre2 althouwsh the data apply to the Sdison wnit ez a
wols, The nzgmotito~parto-f-foldppar gnolss of the Sherran unit has
bzon includ:d in this disrusainn,

The cxsfuntion of tho irea and titenium oxidez has been of a
petrezraphie end choniesd nastura, liunmercus poliched gurfuccs of the
remetibequerboel-feldspar gnolss and ite veriaticons as wll ma s

1imited mulbsr of polichod surfacas of the blotlis—quartz-feldepir nelss,

quarts-X-feldopar grelos and 1lims rich subualt were exwined, Theso

petrorrapiie dala are suriaricad In Tobles 48, 5, 6; 8, a1, The

-

ehertenl data include the portial chumieal analysea of the ramstio and

non~rarnetic iron and titenium oxdde fractions of five epasplea of rarmeotite-

guarize-l-fzldspir gielas frox the Fdison area and thres ganples from the
Shermin unlt,  The magnetlie fraction includes mametite and any interw
growm minarals suah as ilnenite and hematite, The nenmagmetic fraction
includes hovatite, ilrsnite, und rutile which goncrally ceccur in vericus
fntorgrovn asesonbleses. The parti:d cherierl ansliysis of cach of thaca
fraetions involvad the detormination of U0, Fe,05 and TiC,. Thess
partlel chemical annlyses of th? two fractions from tho eipht samples

are ligted in Table 4A along with the modsl analyses of the rocks fron

violch the samples were teken {Table 4B)., The modal analyses wers made



from three thin seotions (two of which were stained for K-feldppar;
Feith, 1939; Chayes, 1952) and two polished surfaces of each swmple. The
pertial analysis of each fraction has boen recaleulated to 100 per ocent
for iron ard titanlun oxlide minerals g3 found in the polished gurface
exanination of the pariticular gample, Those ruvealculations ere also
listed in Table 4A. Fnoulng the weight propertion of the marmetic and
non-nagnetie fracticns in eonch eomple it hus beon pogslitle to calculets
thao actual weight rer cant of the iren enl 4itznium oxids minerale in
azch rock, theso data are 2lao liated in Table /A,

o N

Tha iren and titaniun oxids gyston is bost ropresonted by tho Tel -

v

3~ TiOz tricagndar diegran (Figuma 7). 411 the oxide as-omblages

dirgumsad in this gsotlon vith tho excoplion of that from the quaitze

FS

H~feldipar gnelss have a Wlk compooition voll o tha ?6203 gidz of
the mornetite-1lnonite Jein, Ths firgt part of this doseciption deals

FR SN - o B v, Saa p® N 1 IR A 4 LS LR -
with tha dron and $itontum exides in the regratito-guarto.lefcldsrar

v

wnoles ol dte 1ithelogleo verdatiensgy dn WMo Jast part a belef dzsoripticn
of the irca and titanium cildes in the otkor pubunits of tre Sdlson unit
i3 pressznted, Tha entire discucsicn ie econtormd eboul varlous pertions
of thz iron and titanivm oxide gystom, First, the magnsiite-ilrenite-
hematits portion of the system which includes the magnstie fracilon is
disouzesd, Second; the iltornite-hemastite-ruiilo portlen of the sysilem
which fncludes the non=aagratlie fracticn ic dipeussad, Tin lly, eone

srecizl iron and titanlum oxids iIntergrowthg are deacribed.

Earmetite-11monite and perneditin-hematite grelensg

Introduction. It is wel) lmown that rmagnetite may cnrry a consid-

arable smount of titaniunm in fts eirvecture at clevated termmeratures
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Rutile
TiO,

Fe0 | FeFe,0,4 ez Os
Wustite Magnetite Hematite
FIG.7. Triangular diagram of the iron and titanium

oxide system showing possible minerais
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(Ramdohr, 1926, 1939, p. 660, 1555; Eduards, 1938, 1952; Chevallier,
19503 Foslis, 19283 Jourvaky, 19363 Pouillard, 1949, 1950 and Buddington
et al,, 1953), Ylany enalyees of such titaniferous magnstites recalculate
to compoglitions very near the magnetite-iiu=nite join, Generally the
excess titanium has exsolved as ilmenite frox the mepnetite structure,
Froquently, howsver, annlyszed masmetites carry Fe0 in excess of that
roquired for the forratlon of the 1lmsnite molacule and therefors are
rscrloulated inte filvospinel (?ezTiOA), 11renits and magnetite or just
lvospinel amd magnetite, Thesze sanples frogquently earry exsolved
f2vospinsl ap lonces parallel to the cubo plans (Mogenuon, 19463 falohr,
1953; Girgult, 1953), Tho experi-antal date of Darken end Gurry (1946)
shows that pure mmeuite never carries excoas vAstite (FeG) in iis
strocburs &b eny terpeoratuvre, Howcver, there ors 2 fou netursl nog-
nobites waich curry el in excoss of that vhich can eorbins with T 2

te forn Mlvospinel or with enother sesgnioxide to form some othor spinel
inleovle, (Buddington, poresonel coramication)e There appocrs to b no

cbvicugs wnswer to this discrepency betwesn the synthetle and natural

nuznetitos, M-y samples of analyzed magnatite carry excess Fe 203. Theo2
ere generally indergrowm to same extont with hematite, 41l the zaalyead

marnabites fran the magnelito—cuarta~f-feldspar gmelies are intc:prowm
tth Laomatita go that the partlal analyoses alusys rocalcoulsate with exosass

Mommohlts-1lronita, A1l tle sumples of magnstite Wilch have Loen

excrminad in polishiad surfacs ers intergrown with {lnenite to some oxlent
«nd may therefors bo ecalled ilzsnomapnatite, As can b2 seon froa the

analyzes of the magnetio fracilon (Tsbls 4A) ths mole per cent of interw
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grown ilmenite varies from 0.4 to 4.1. In polished surface cross esotics
the intergrown ilmenite has the form of long thin "blades® uhich are
oriented parsllel to the octahedral plane of the host magnetite (Plate 12).
These "blades" terminste by lensing or pinching out, The "blades" are
from 0,02 to 0,10 mm thick and rizy be 20 to 50 tires &8s long, In three
dirensicns the intergrowm 1imeonite st be in the form of planar disgks

or thin tcbletes vhieh are orifented in the octabedral plarna, GSometines

41:onite 1s intergrown as irrezvlar ghepsd grains vhiich are coneentrated

‘nzor the borliurs of tha host mognotite,

althouch no experironial dita ove avnilakhle on the magmmetitow

11rzaite pyaleny In vicw of the present Imowl:dge of titaniferous ringace

tites (Rerdchr, 1050; Tuldingien ot nls, 1953;100. cit,) it seems carbain

thet the Intorgsrows $wenite 1s of excolution crioin, The ceoluzl content

of oclid eclutiin “’iOz 1s extrerely low, and viries from 0,14 Yo 1,29

wisht rer cont of the ragnotie fivetien, Using the '2‘102 combent 1t is

noted that ths temporatice of fouwratlon of the tupetito~gquartotafaldeoar

gaciss corresponds to that of the lower range of the arphibolits faecies

£ the Adireniaeks (Fudilingien, et al,, 1553).

Vemoatitc~horatite {(rortita), 411 the megnetite wilhin the magnstite-

quirtz=l=feldsuar cielea ig intergro'e to some extent with hmatxta. As
czn be se a in Tuble ZA the unle per cent of Int.rgrowm henztite vurles
fron €,1 to 32,1 of the hest magnctite, In polithed surfece crosz stetion
the intergiomm homntite las the form of thin filns or triangular spiles
which are consislently orilented in the octahedral plane of the hogt
nezretite (Flate 12). Thus the actuzl shepe of the intergrosm bodies of

hematite is that of thin planar disks (filrs) end thin wedges (spikes)
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both oriented in the octahedral plans, These bodies may be so asmzll
that even the finest grinding would not enable their clean peparaticn
fron the host magnetite, They ars much smaller than the ilmenite todles,
lhen the hematite ocontent is high, the filrs and spikes form en inter-
locking ootahedral notwork, In very henmatitic rarmetite the filng and
spikes coslesce to yleld blebs end grains cf hermatite of less repdar |
fora than the filmes and spikes, Thus nagnetite with pparse heratits 4n
a very rogular orstehodral pattcrn rosces Into ragnetite vwith a very larpge
proportion eof hematite as ilmi, spikes, irrcguler blobs, graing arnd
patches, Ceccasionally sctual veinlets of honatits out across the oot
ragnetite,

In a single prain of nopastite the distributicn of hematite varles
conaidarably, Often the hematite is concantinted alerg tho Yordsr of
the boat gredn,  In this ease ths Mg and epikces of honztite prolzot
in from the borders of the ru nebtite and glortly die ou’ Into {hs (rain,
Zven wore striliiag ia the dlsizivution of houatite aloas $ha Lorlers of
eracks £nd weinlets within the hcst.uagnetite. The eracks cnd voilnlets
are rarely £1lled with hermatite but {i{ina and gpikos of homatite nrofect
outward fron the bordor of tha fractures and die oub rapidly awvay from
them, It appeers evident that lhe distrilbuticon of hematite is controlled
ty cuch creoecte and veinlcis as woall as by tiae ragnetite (v=in btoundarien,

The asount of intergrowm hematite varise vediezlly Pfroz praln to
grain wvithin a egingle polishcd oorfeca. Thus, one magnstite grain roy
earry as such as 70-30 volue per cant of heratite and an adjzeont grein
ag litile as 10-15 per cent,

In the magnetite the intergrown hematite always shows a conaistent



«11€~

textural relationshi:z to the intergrown ilmenite tablets, Films and
epikes of hematite are oriented parallel to and athuart individual
ootahedral tablets of ilmenite., Those at an angle sharply terminate
sgeinst the 1lmenite “blades™ but never cross cut them (Plate 12),
Such eharply terminated filmsard spikes of hematite are nawver found to
hzve a continuous half on the opposite gide of the ilmenita "blade™,
g8 thoogh the llnonite replaced a szetion throuch the ndddle of a filn
or gpike of hermatite, Thopd textural releticnzhiips suppest that the
$wnite disks forrad before the intergro:m {ilnsand spikcs of henatite-
ard that the latter grew in the host napnztits up to the ilenito-
ragnotite Interfece at which point their growth abruptly tocrninaled,
Carlten end Gurry (1946) es well as Creiz, ot. ale (1935) and
Sehuahl (19£1) havs chown thel ragaetite tover excoss Fo>* inte solid
goluticn only atove 1000°C, This fact indicutes that the rapnatito-
harmitite intergrovwths are not of exsolutlon orizin, To ths contrary tho
axperirenial data eccunled with iho dictiret toidural roletlonahing
doseribed sove provo that the iniergro'm heratite is an wlitoration
product of the host mapnetite and thus ray be corraetly callad marlita,
The delicats nature of the intergrowth and tho ostahedrel control shoW
that tha alteration wus of renlacament nature, Tho alterction is e
eldored 1o ba of a retrograde nature in that 1t is pectuleted bthat Lie
martita developed durdng tho cooling stares of the rock in megponee to
changing ohyeloel conditions, “hils hypothesie iz dsveloped in moro
Getail in a subssquent seclion uiich deals with tho puysisal chanictry

of the iron and titaniunm oxide systenm,
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Hematite-ilmonite-rutile graton

Antrodueticn, In nearly all the samples of magnetite-quortz-Ke
feldspar pnoiss vhich wire examined minsrals of the non-magnetic iron
and titznivm oxide frazetion were obesrved, These include the minerls
herztite; ilmonite, rutile and various distinotive intergrowths of them,
Cf the eight samplez cf nugaotito-quartz-i~foldspar gnelgs vhich were
ucad for snnlysis (Trile 44) oll but szarmle 143 carried sufficient
nonesagnatie oexddag to enchls a sinple separaticn and partial chamiaal
analysis, The noteramiitio oxdde frantion of thesa oipght saples
insludan a3l the varicus inlewvgrowihs vialch have tasn found throuchout
tho nmized gnelce subwmmit, Thus the eipnt goples ere very roprecontative
and peovide & good analyiiesl frevewstk da vaieh 4o baszs interprotation
for the vdizd molss oubinit,

A can be sgein fron Teble 43, tle thon nonwngnatlo oxidas,

- & 2 2 .3 . 1 gt 2 e 3 PR
roratite, flnenite, and mutileg oocir in 2t Jeast elght differcat varie
RN it I8 PR - B -~ ond . o2 4 vt W AEE D VY
Rloas The vordztles are vorleus ¥inde of intorprouths of the thixo

pinzrals, In additisn son2 of tha paples, such ss 149, 154, 153 end
151, have oall acunha of wagnotlie (mertitie) Lnterpgeowm vith the nona
marnetie exidos,  Where this has been cbsorved the compornition of the
non~raiebio fracticn hus esn rocalenlated Lo incluls cone roymetite
(Fatie 4A). The tulk comwolticns of the various intergrowths have Loon
agtiroted fronm the cizolenl analysse end from pelrcgraphle raasicsirnio
Thaes eglinmates are imdicated in Table 4B by mimerical subserinte, Tho
coupositions of the wvarlous intergrowihs cre plotted in a honatite-
ilmenite-rutile diagran (Pijurs 8), The diagram shows that tha inter-

groviha belong te two groupse Oné group hasg comjpositions near to the
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hematite-1lmonite join and the other group has compositions near to
the hematite-rutile join, These two groups are discussed separately
belov,

The non-ragnetlc oxldes, heratite, ilmenite and rutile, and their
varicus intergrowths with the exception of martite and a pecullar
alteration of ilmenite (cooyoped of rutile end heratits) are all consid-
erzd to be of prirary origin, There are no textural reletinnshipc vhich

guegpest that theso oxidasg are of coeondary origine Thess cxides aunenr
equivelent texturally %o tho esposieted rampetite end are believad to huve

foarred contenporancously vith it. In odiition prlusry hematite is quite
Aistinct fron obvirus sscondary hsuatite (mrtite), The most frportant
distinction ie thaot rartite is elizys devoid of any intorprowm ilnonita
or yulile vhile 2djacent grains of prirary hepstite ere well inter cowm
vith these other oxides, In addition thore eve clear color differcnces
totuzoa primary and seccndacy hentite 26 degoribed in Table 14,

It is vy difficult to rseogulce rll the mineral phagss in the
vzricus intergrowths of noasnagnstic oxides, Thig 1s partictlarly trua
in the extrerely fine intsrcorowths. ‘Yhora poesidbls potrographic obsare
vaticns were cubstantiatsd bty chesilesl deta, Listed in Takle 14 arc the
paetrosraphie oritoria vhiich were found most definitive for fdentification
furposen

Horatite-ilnoonits yith nminor rutile. There ars tws principal ints

a,

the ]

srowths vhich hove eompositicns nesrly on ths henatitesilmenite Join,
Ilmenoheoaatite s the Lnterzrowth richar in heratite and hezoilminliz s
the intcrgrowth richer in ilmenite, TFraguently both these are intergrown

with minor amcunts cf rutile, In such cases the prefix rutilo has been
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gdied as a modifier to the principal name.

Ilmenchenatite coneists of hogt hematite with intergrown 1lmenite
(Plates 13 and 14), The ilmenite is intergrown in two distinat forms,
The lerpest portion of the intergrown ilmenite (probably 70-80 per oant
of it) ic in tha form of thick lenses, The remainder of the intsrgrown
11ncnite 18 In the form of very thin disks w&ich appsar as thin lenticular
films in polished surface cross section, beth ths lenees and filma are
orirnted in the bacel plane of the host hem=‘!te, The cross accticn of
individual thick lenzes mny be as ruch 28 1/13 to 1/5 the width of the
entire grain of i{lranoheratite, There are : ~3ly more than 6-10 cuch
Tengon in any single grain, The eross scotlct of individual filrs is
atout 1/100 the vidth of the host grain, Trz-e 1s definitely a slze
diseotinuity Lotusen the thick lenses and t-in diska of {rtorgrown

ilrenite (¥lnte 14), There is no indieatica that a continuwous size
grzdation evists btetween the thick lenses o=? thin diske, It is inter-

esting that the heusbite hogd fredintely rnet Lo the thiek lenses of
ilronite is cufie davoid of any thin disks of ilmenite (Flete 14). In
additicn within the thick lenses of ilmunits, thin disks of hengiite ~re
usually precent, These disks of homatits ere similar in forn, size, and
orisatation to the ilmznite disgks within the hematite host,

Hemnilrmonite consists of host ilmenite with intergrown henatite
(Flote 15). Tpis intergrovth is entirely ei-ilar to the ilusnchermatils,
In heroflnenite hematlte occurs as thiek lezzss and thin Jisks in host
i11renite, Within thae thick leneas of henstiis are thin disks of flnmnita,
In adiition tho host ilmenite 1s mors or less devoid of disks of lomatdte

adjazent to the thick lensss of hemstite., 11 the lenges and Tilwun are
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oriented in the besal plane, Obviocusly this intergrowth is quite homolo=-
gous to the 1lmenchematite intergrowth,

Intergrown rutlle in the hemolilmenite 1s seldom present, When
prosent it ocrurs as irregular lensas and as included emall grains, Rutile
intergrown with ilmenohermatite 1ay be in such lens and grain form but

suzlly it is in the form of long thin flat disgks vhich are oriented in
the rhombchedral (%) plene of the host hematits. Thus, the rutile disks
are perpohlicular and at oblicte angles to the lensss end films of ilmenite
which are oriented In the basal plans of the hust Lesmatlte, No clear
gvidencs wvas observed which suggects that the rutile disks formad other

s

than sim alt¢nﬁousl, with the vhole Intergrowth,

3

he preferred orientztien of lenses end £il:s parallel to the basel
plane end of rutile disks perallel to the rhowmbohiedrzl (?) plane irpart
a pgreat vnifornity to the intergrowihs of hamoilrsnite, ilnwnchenstite
cnd rutilo-ilmenchensiite, This is thie single most striking foatize of
thess inturgrowths.

In‘mos* saoples of the magnetitc-quarts-i-feldsopar gneiss ilrence
henatite or rubilo-ilmenohematite is present, Frequeatly hemoilmenite 1s
also present, but it is lcas stundnnt than ilmenchemstite., Randohr (1926,
1950) propooed a hypothetical .emperstuvre-composition phese dingram for

the ilﬁﬂnitf ~hemavite gystert ‘n which there is complete solid golution
et elevatad terporatursse. Certzinly the calationships Jeseribed ebove
can be simply Interpreted urs dus to the cxpolution of variocus solid
s>lutions betwsen iimenite end hematite, Thus, hemcilmenite repraesents
the solid solution member richer in ilmenite and the ilmenohematite

reprzsents the solid solutlion member richer in hematite., As soms samples,
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such a8 149 (Table 4) carry both these solid solution members, it nay be
concluded that the magnetite~quartz-K-feldspar gnolse came to equilibrium
at a temperature below the orest of the eolvus curve so that tw» colid
solution mecvbers were in equilibrium, Vith ¢ooling these two colld
eolutions would exsslve to yleld the indepondent Intorgrowth of horo-
1lmenite and ilmenchemntite, Frequantly gsuiiles carry orly ilincac-
hematita or rutilo-ilamoncheritite without ths edrrezpomding e0lil solu-
tion mambar, 1, a,, hzmrilaonite, Gonavally she com oslilsn < cush dntire
growtha 1s more hematitis than if hewoilmailte wirs presonts This esuycests
that the rosk formmwd st the sano heoperabture, Lud ihat the bulk eopori-
tfon of the oxlde frazcticn was to the haetite slde of the molvus cuive

ca that only a gsingle solid golutien rachar fownd, dileh cusslweld uiim
eraling “Hoa tha pslvaa carve was intersroted,

Uafortunately there ars 1o exerinmantal data on the 1lrenltochione
atite gygtom hieh wall 211lsy a sdgoroux Ltcrprriatiom of Whr o073
eolution rolationzhips, louvever, fiua the relazisnghips foad in the
magwitito-quartz-i-felispar gnelas 34 is ;;{-;;:qible- Lo sywsilate as to the
groeifies natnry of the solwvs ourve for the gyshten. oy of tha o
sitions of ths housilnenits and 1l~cnohenatite intorgrowths nre within
10-15 par cmnt of hoing £0:50 mixiuraas of tha to niner:) phroo-. This
maang that the two =01id o~lution nierbora heve fored ot 2 fur “roture
only elishtly beleow the teuposrature of the erest of the zolvas avore,
If ths meonensgnatle oxddes are of »Hrirory orlzin this nenne thet tho

orzst of the solvus curva rupt b2 nasc Yo the temrarature at whieh the
mixed gnelss subunit came to equilibirius, vhich is acscwad to be of the

order of 500° C 1 50,



The textural relationchips in the solid solution intergrowths allow
soma speculaticn on the shape of the solvus ocurve, It is postulated that
the ilmenlte-hematite solwvus curve has a very flat broad crown, Thus, if
& ©0lid solution palr form at a temperature just below the crest of the
golvug und 1f the golwus curve has a brc:d? eroun, then the tulk of the
exsclution would take place during a very sméll temperature drop in the
upper temperaturs intorval. It ig during this interval that the thick
lensog of ilmenite and hematlte would form, Thus, thzir large propsrilon
and size can te attributed to the fact that the largest proportien of
1Lucnite and heratite wne ezcolved during this smsll temperaturs dntcerval
apd to the faeot that the fon Aifusion rate wis greater in this wupper
tenmerature interval wiieh enctled a rapid mipgraticon of fas into fewer
sr excolution todies. In euch an iuterprastation the vy thin
diclia »f 1lmeniie end honstite cre the exesse material hilch wus exsclvad
fyom the hoot erystal end thick lenses during tha finel stazes of c¢yoling
along tha sboep slopes of the solvaa curve, This gtage cosrerpondes %2 a
veuy large terjerature interval vith vory minor changes in ths conprolticons
of the solid nsolutiona, Utilicing such an Interprotaticn males i e
neceosary to as wie polymorphic changes to sesount for the odd ezsolu-
tica textures (Joirdahir, 1920; ppe 701=704, 1950)s A propoecd edlvus

curva for the 1lrcaltontaonctite gysten s presented in e porticn of [ipure

8.
Homstite-~rutile swith inor ilronite, Intergrowths of hamatits, muitile
and 4lmonite wileh have tulk eonposition nsarly on the hematite-rviile

Join are vcry coimon in the magnestite-quartz-f~feldapar gneiez, A3 indie-

onted in Table 4 and Fijure 8, the intergrowths include hennrutlle,
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rutilohematite, and iimeno-rutilohematite in ediition to pure rutiis,
After Remdchr (1932) it le postulnted that a solid solution series exists
betwesn hematite and rtile and that thess intergrowths repult from the
excolution of various =olid solutiona in this series, although in sone
cane3 glteration effects are guporinpoged upon the primary colid solution
intergrowihs,

Ihrono-rutilohizre Vite cemurs in sarples 145 and L6 of the maretite-
crorte~Yefeldspar poeiss (T:lle 4 and Pleto 16), The com.csiticnsof thes
intergrowths oo cotimated fron tho portial chenieal anelycls aro given
in Ta®le 4. In ihis variouy borstite forrs the host minaral snd ratile
is inSorgrou as uin learog vilch are oriented parallel to the basz
planze of the hecatita, Inm wdPUtien rutile ocours £s thin £lat disk
orieasts>d in the rherbohodral (2) rloue of thy ke’ ite, 1lionite occuras
23 thin lene~a parnllel ¢o the bazal plene end mppears to Yo nltorod in
varicuz daoreocs to o mixture of rullile and henatits (sce sibsequent
scetion),

futiloheratite is rexphologicelly very sinllar to flmano-rutilolome
etite, Tutile 1g apgein niterproisl as lensss parallel to the basal pleae

and as disks carzllel to the rhonbohedral (2) plene, Oaratimes rutile

.

(ad

™

e horder of the host

(4]

ozeure ag irreguler grains and rmagsze nsar

¢
S

nematite prain, Mo Tlnentte is precont, Cec:riorzlly a dark grxy (noh-
opacua) nineral Lo intorgeowm with the Meraiite, Futiloto atite is
rresont in sanples 154, 153, cnd 151 ('able 4), which are ail fr:m ihe
Fasrian unit,

Hemoratile 1s a third variely of intergrowth which eongists of heat

rutile wvith inte.;rowm hematite (Plate 17). The hematite ocours as suall
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‘lenses and toma'no more than 10 per cent of the intergrowth, Ususlly a
dark gray non-opaque mineral {corundum?) in long lenticuler blades is
intergrown with the rutile, Hemorutile is present in samples 153 and 151
(Teble 4), beth of which are from the Shermen unit,

It i3 postuleted that there is iimited solid solution between hematite
and rutile st the temperature of formation of the magnetite-quartsz-X-
feldsper goeiss, Hemorutile end rutilohematite arc thus exsolution
intergzrowthe of tw primary sclid golution wixtures, Samples 151 and
153 ecarry both these intergrowths and therefore give the epproximate
lin‘ts of solid sclution for the temparsture of formation of this mmelss
(Figura 8). Sample 146 differs from the other samales only in its slight
content of ilmenite, Sarple 145 is anomalous and may be an original
 ilmenchemstite in whieh the iImenite has been partially eltered to rtile
end remgtite ao that the Lulk composition of the intergrowih doeg not
- vepresent the originel solid solution. It is apparent from Figure 8
that although there is almost complete solid solution betwsen hemetite
end ilmenite at the tamperature of formatlon of the magnetite-quartz
i~feldspar gneiss there is only 1imited sclid solution between hemstite
end rutile; eompare the compositions of the not-magnetic oxide inter-
growths of 149 to 151, 154, 153, and 146, Thus 4t meems likely that the
crest of the postulated golvas curve betwssn hematite and rutile will

be et a somewhat higher tempersture than the solvus of the hemstite
{lmenite gystem. On the basis of the partisl chemical snalyses end

petrographic data deseribed above a hypothetiocal subsolidus temperature-
composition phege diagram for the ilmenite-hematite~ruiile sygton ig
premented in FPigure 8, The ocompositions of the supposed primary sclid
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aolutions for ss>s=n of the pamples listed in Teble / are plotted in the
diagram for the peatulated temperature ¢f erystallization of the magne-
tite—quarte~K-feldspar gneisg, In adiition the compositions of the non-
nagnetic oxides from szlea 148 end 152 (Table 15) are indicatcd in the

dlagran,

intorprowths of pmasnetite with non-nammetle iron and titaniug oxldeg

Frequently magnetite 4s intergrowm with the non-tagnatic irom and
titaniue oxides in the nagnetite-quarte-l-feldspar gaciss, The W lk

ccrpogltiens of such interprovihs love boon estimated froir the portinl

nd nre indlicotad in

&

chendenl enalysza end petregrarhle obsorvaticns
Teble 4 by the usval culzeripts, Marmetitae is interyroum with horoil-
monfte pod 4Yranchematite (Plutez 13 cnd 15) tut s pactionlr~ly al“uk.zmt
in tho bermatite—mitile interpgroviha (Platss 19 and 19),

in suoh fndergrouwths magpnstite ocecure as thick (wn o 1/10 the

3

th ~f the groin) tablets (blades or laths ‘n polichizd o ¢3 CrnpEs

S“u

¥

3ca) vhiiech ars eriented jorellel to the baral clare of tha Root nud

-
I3
@

veunlly extend commledely across tha hest ¢grain, Thus the ragnati
tablets are more continucug than the lansss of ilncalite, hemalite, cie,

If the nmaymotita tadblete terminate within the host prain they lensa cud

sbruptly, Ihe inborivown ragmetite 1s alusys nlizitly rastitie (510
por eent), “ha variite cccurs ac filmrend spikes perallel to the celsze
hedeel plaaz of the oo netils, (aynedtite tublets in heroilrorite (6 lste
15) and ilrmeachemntito (ilate 13) pever rake conirst with tha hersiliin
rerber of the intersrovih, Instend there 45 alwsys 2 thin layoer or

gslvape of ilmenite separziing the magnmotite tablat from the rest of the

intergrowth, Howev'r, thim is not the esse in intergrowths of meonstite
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143,144,149, 152

s ———— —f = — — = % 5001 50°C

151,153

143,144
152

Rutile Iimenite

Hematite

Fig.8 Tentative subsolidus temperature - composition phase diagram
for a portion of the hematite-ilmenite - rutile system based on data
from Table 4
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wvith rutiloheretite (Plate 19), hemorutile or rutile (Plats 19) (sarples
154, 153 end 151, Table 4). In these types the magnetite tablets mave
contaoct directly wth hematite and rutile., The interyrowths of marnetite
and rutile are rertlculerly etriking end cocur in the marmetite-quartg-
z-feldspar ige 22 the Therrzn unit,

Charzoteristic2liy the por cent of intirgrowm marnctits varles ovor
vide 1irdte foem g -0l to e ple 2nd fron erain to proin vithin the
g3 goryle,  Thus Ia the ?;iis;n aron, Wo anotmt of rapastite inter-
cooenr uith the Ilo-nifowhonetite sorles vavries fronn O t0 10 pex ¢ont,

T emey k4 2 .. Y PR, | ey b 4. % — ~ oy LA CY o A S s
en Inos oalngle e onley cuthowo 249, the maznstite entend varles fron

0 to 10 por ¢ont Tmun grain Lo ;ain of ilrensho otite end honsilranite,
The rar eonb A8 arosiite inferpmewn with tho haratiteo~rutils roriis ond
rartioclarly retflc fo much progters than that interproin vith the 1 ald
mioatite merles, Towovery the mer econt of intorprsvth fs ol o vl
sl and varleo - OG0 por oot from opanle to sarple as vl 2z fron
cendin e osenin vt o osingls coinle,

There are g ral pes~izlo 1nd “yprctaticps for troge Intorprouillia of

5 4
c+
&
o)
3
(4]

rapnetite with nex-maopgnetio ILion onl $itaniv oxddes, wnlitely

thit tre o inter;roiihs ecculd rzowlt fven the cinple excsluticn of a

d soluiion baiiein ragnetite-ho stite~iinenito and mutile, foxceri-
zeitel dutz cre as Tlehle (Oerton and Gury, 1946) shidich chow thot there
18 no zelid soduilicn of narwtite in hos-tidn, In ad "ftica par iy Loz

Tionlta L lth ovo-tution

Intergrovtha o7 ragnetite Yo n roported (Torlot

end Geflrey, 1952). It fe aloo 2iflimlt %o oxplain cn the bazig of 2
szlid polution thersy why ths amcunt of ragnetite varics so rodic:lly

from groin to greir within a pinsle asemple,
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Another possible interpretation ie that primary magnetite was
replaced by hematite, ilrmonite and rutile, However, it seonms unlikely
that guch regular intergrowths eould dewelop by this procetss.

A third Interpretatlon is raally a modification of a s0lid sclution

theory and night be termed incongruent exsolution because of its girilur-

ity to incongruent rlting, Incongruent exsslutien tekac plece vicn cne
or both of tha so0lid solution end ienbarg ex-olve es diffirsnt ¢compounde
eltler by mutuval meseticn betunen the two end mevbers or Ly tha neisnl
troek up of & sirgle end mimbor irts tw empoundse In this cese it is
concaivable that o onlid snlubtion batuo.n he atite and 1locnits upon
cooling ¢ould axcolve as a nmixture of homztits, ‘._3:;35:1?,35 r.tile «rd
mgnztite elyply by tho reasticn of haratite ~0d 1lmenile as inmileled

velow to 371314 ~igebite and rutlle,

7o 7 o7 40
‘0203 TeTiC3 = TePepdy + 110,
If the promeuz went o completion the criginal oolid roluntlen of he1tila

and 1lmenite conld bo changzd to a nonrly mury nixbure of myoartile o

rutile (depending upon “he original caimaition of the colid orlutica),

2,

If such a process took place the amsunt of razmetite and ralile In cuch

(el

intergroith ghould be about identieal, This 48 not slwiys the eacd 4n

the saples studled, Howver, it 15 por-itle thal during sech an incon=-
grusnt exnolutlon pooorge thers vmld o considsrahla redislsibutlion of
materiel so that the rrlsary con ecition ~f ibe greins would be elwaod,
For such a prosssa Y0 inke ploce it rodis nocesuary to poctulae & welnd
physio-l esnditiops wnder vhich nematite nnd rutlle are nere gt ble than
hematite and ilnenite, In this comnection it 4s irtoregting that Fomdchr

(1939) recorded that solid golutions of hematiite-ilmenite were ropluced
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by & mixture of magnetite and rutile,

The rost probeble explanation for the intergrowths of non-nagnetle
iron end titonfun oxldes end wagnetite is thot of simmultanecus orystal-
li.aticn of nugnetlits wlth the respeclive golid s»lutlon of the non-
ragnctlic iron and titzniuze cxddes, During coolirg the solid solution of

horatito-llonite or henatito-rutile would expolve, 14 is postulated
shat the 1Lanlte rln or salvaps eround tha romatite tebletz dewelored

g Yhe crzolidion proecas and ropresentg a phiysiesl accangeuont of

L%

It s postulatzd vt the rmartito which I3 preocent within the
nesrelite Lablola Jovalopad 2t the pane 108 nnd wdor the s eorditlions
aw ¢34 bt varsitas in tho fyse nagnetite yrlns,

Rl e {1923) racordad tho prescas? of intcrivouths of magnztths

it ilroactenatita and howoilmenits, He did not mosrd the priconma
ox nbuones of ca ilnwdie solvags avound the mogucidbs iablebs, Az

Iooeeilld atovyy the nopratile tablets hich e obsarved wora ordentad

lamiohr postulatod thet zuch intergrovwths wire ecaus2d by tha rodostioa
of howuisite lueng2g to mngretits, He proposcd a changs 0 miro radtising

-t PURSQE. 3 - . % - k4 - E X Ny & -
acaditicos 5 reodicr goch a rezetlon, it v 314 not altonpt Lo quantie

- .

Labtivoly evaluate how sush a change in the ohiysizal senlitiong couid
a3 placz or what ths impoartant phyclenl foctave wers, lile thacoy is

curtalaly worihy of mors spaciflie ovaluation =nd vill be discuses? in

a zzetion ¢ ths pliysienl chendstry of the ircn and titaenium oxldes

Altoreticn of ilrenite
th the iablets of 1lmenite in magnetite and the ilrenite irtergrown
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vith henatite ere in some places partially or completely altered to &
very fine grairod egpregata of several minerals, Usually the alteration
ogrure in smali patches (Platy 15) with no obvious structurzl ocontrol,
but cocueionzlly en ertir> ilienite boly 1m uwltered,

The alterctlon consistz of a gort of Trottled ogrregate™ hich is
cemposzd of 2 49 3 disorate nmirerals, Tht ~wer all edlor of th? aggrezate
tmooelichod eorlacs Lo whitirh exay. Thy cpovepsio apiears dlctinctly

. . SA

S, r'a . At - vy he o e . .-
i hzer i tho Wzt ilmndit: cnl loan s

Irternal preflection vwith
e yoilow Lo Lrowmiph-ivd color urder awvssad nleolne Uar exlie=e high
recur amd with the voe of Incargion of) lonzes It wac posnible to rocoge
In additlon rolie

R 31

. . 1 42 FPUN. T TR B S | .Y, -
nize Loty rutile and harelits dn 2YY tha oo

cooins of D3mndls ey zutubinas wreninthe

AT Slmanite to yubilc and Reoatita,  Tuch an aMoraetion eculld 2 placs

PSR P ~ A 2.4 » . .
aarmatng o the Inllaer T o

(RIS S

DTN e AN m P, 0.+ 240
. o~ « . foom v
3 P 2 - 2»3 E 2
Vieurl aobimator of tha frottled - ororuies® fadicate ket rutils Is wone
aidarably nor - aburd-et bhon bens fte, Tuls of ccurge shonld be the zase
0 the alterabion vroces tock ploss ez inilarted above, us 2 12ol2g of

matile ars producsd por 1 msls of homalite, Thus the potro
slthanticte he pecooned Ahoovy of alteraticn,

In the magnzbliceau o= lafeldeprr noley ractito ds ubigquitons,
Irmoay eorples ilmenite ds wneltersd,  Althrugh the martitiza.
tien of mommetits and tho slloretizn »f flrenite to rutile ard her atile
ere both gogendary oxidation procaesses, $t socmg likely thet they tgka

Plaes under sliphtly different conditionz, It eppzars as thourh martits
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develops more readily than the "mottled asgsregate®, It may be that the
reactions require sliphtly different p(Oz). (See seotion on physical
chemigtry of iron and titanium oxides.)

Rardohr (1939) has rocorded the slterstion of ilmenite to rutils plus
Irematite and to anatase plus hematite, He believes such sltcorcticn to
te of hydrothermal cricin, Hig observ.ticns crnd internretoticns worce

in rrinciple with thoge presconted here,

Ircn end tit-0lum oxldes of tha oth-r roezs of the Ddics

o o v - A el & e

Jufficient dotailed sludics of the fven and titaniuva cxldes of the
1% rich subunit, the biotite-guariz~feldspar pneles 'V'i he iarin e
feldeper gnedies have be:n dene Lo enable e ganaral ccoperleons with
mevite-parto.f-feldspar gnelss,

Tha ircn end titrndun oxide rinorel zoucrtlage in tle lira rich
sebanit Is very similar to tho azserhlaps in the regeciite~guortine=
feldgpar oncless The maznsiite carrles ~-ub the sa.o - -unt of inlore
grom {lrzaite and is elways nlightly rartitio, Irizary il sacho atite
or rutilchanatite is alwys present, These irtergrowlhs are nerphologe
ieally quite sinilsr to those dsperited frea the magmetite—quartz-te
feldspar rnolus and are aleo interpreted as exsolved £0lid solution:s,
Iiranite ray be partly altered 4o rmitile sand heritite, The projevhicen
of primary heratite relative to mecrstite is sonovdat granter In the 11
rich smeisces than in the rornctitewguartz-Fefeldspor gneiss, n edli-
tion no hemollrenite wza obearved, vhiod indieated that the bulk corjosgie
ticn of tho non-mammetic fraction weas near the heratite ond of the
hematlte-ilzenite join, Thess faots inlieate a high oxidaticn degroe

for the lime rich subunit,



-133-

The blotite-quartaz-ieldspar gneiss carries accessory ilmenomagnetite
and ilmenite and rarely hemoilmenite (85195). Primary hematite as well
ag martite are abgent, Ilmenite is partially altered to rutile and
hematite, This ascemblage 18 diustinet from thet in the magnetite-quortz-
L-feldspar gnelss where the iron rmd titeniun oxiden congist of a wvariety
of intergrowths,

The quartz-l-feldspar gneies oarrics {lmencraznctite as a wajor acecec—
cory cnd enly minor ilmanite, No prinary hematlite or :utile cre prosent
and only rarely is a very wminor erount (less than 1 to 2 por cont of the
heot nagnetite) of rartite presont, Ibrenite fs usually poriinlly alteced

to rutile snd houtite, In Toble 15 is 1lsted the pariial arnlysis of

tho ragmetie and non-mammetie fracticns froz a samnle (LL3) of the qavize
{=feldorer gneiss, The non-ragnetle analyels ea aipootsd crrrsononls to
* .

1lronite with about 7,5 mole per ca2ab of hematite in coldd colution. The

-

conesition of thle phase 16 plotled in Fipurs 8, Tho mognwilfe anslys
stz vecalculntes as magnstite with 8,2 mols por cont ilmenite (2,80 1%,
per oent T10,) and about 14,0 role por cent excess Fel, Intor rown
parzllel to the cubs plens in the marnatite are very rminute disks or

| lenses of a dark gray non-orague nirerel, This 1s probably exsolved Fe
rich spinsl, euch as heroynite, and would sccount for the cxe-is Fel In
the analysis. The high Ti0, conbent (2.20 vt por cent) of the mamntits
is in controst to the low TiC, (0,141,327 wt. por cont) ccatent of nap-
notite from the ma mrtitcequartz-F-foldspar gneiss. According to the
data of Puddingten (1953) this difference sugresta that the querts-E-
feldspar gnolss crystellized st a slightly higher temparature than the

ragnatite-quartz-E-feldspar neiss, and in addition the quartz-K-r'cldspar
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Table 15. Partial cneaicul analyses of magnetic and non-magnetic
fractions of iron and titanium oxides and petrogrizhie
data for two miscellaneous gneisses.

148 152

Magnetic fraction

FeDd 31.06 25.43
Ti0p 2,80

Le32
Totol 87. 58 8 5 095

licn=ragnotic fraction

}102:’3 6.!—&4 ne do
Foo 21,45 n, d.
TiGy 40./4 n, 4.
Total 33.33
Watsht per cent Te and Ti oxides in rock
¥t 16.0 1.20
?;L‘;’}. 0003 0.80
Ilu. 1.38 0.04
ut, 0 tre
Ted (excoss) 0,92
Composition 1z astic fraction bto 100 wole per cent
Mt, 773 86,3
Fam, ) 8.7
Iin, 542 5.0
2.0 {exeess) 4.0
Corposition ron=megnosic freacilon to 100 nole per cont
Hom, 7.5 n. d.
I1n, Q2,5 n., d.
Rut, 0 n, &,
tiveral enalysis
qtz. 0 4-300
1:-‘fd. é‘gos 36.0
;-51 3 009 no ¢
bi. 8,2
ch. 7.6
[ S 646
P X
8D, 0.7
ar. x x
acc, X 0.5
ores 14.7 1.2
4 13.1 0.9
R=-TH 0.1
R 0.3
1 1,6

148 - Gurnet-biotite-i~leldsyur gnelss, on Eiison relilroad, 0.55 miles
north of Mahola rovad, Frarklin Turnacs Quedrangle, low Jersey.

142 « Chloritc-guartz-feldsyar gneiss, Sherman Aros, Frarklin Turnzee
Guedrungsle, Rew Jersoy; rutilo-ilscwhartite = (35122}173) Is.

s



gneise formed at about the same temperature as microcline rich "granitized"
rocks of the Adirondacks which are believed to have formcd at terpsratures

lovwer than mapnstie,
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CHAPTER 7
GEOCHEMISTRY CF THE MIXCD GHLISS SUBUNIT

PARTIAL CIEMICAL ANATYSIS OF THE PAGHETITE-CUARTZ-E-PRLDIPAR GN16S
AXD UAGNETITE RICH LAYIR

Sufficient dats are avallsble to recalculate the zpproximate
chenienl compositicn of a gample of mepnstite—quartz-X-feldspar gneles
(145) =nd a sanple from a raznetite rich layer (144) both from the Gone
don Cut in the Zdison aree, During the scparation of the quariz-feld-
snar congsnbrate from both these susples (see ¥-feldeper scoticn) a
partial node (weicht per ceaf) was doternmined, (a represontative porticn
fron a 2 kllogrem conple ground to <30 msch was used for each nodal
anelycieg), Using this weijghit mode, the partial ennlycis of the qusitce
feldsper oongantrate (Teble 10) and the rartial analycus of ths ison and
titaniwe ovlde froctions {Tedble 44), it wie possidble to raenlenlate a
partisl chanlecl enalysis for the tw sauples, In Table 16 tue wnizhi
mode, the partisl chemical aralysis and ths volusetrie mods (talon fron
Table /43) for the tw> swples are presentsd,

A coxpnricon cf the volwrwtrlic and waipht modas of :sm:aplo'l.'@s
indieates conazideratle differonces. JTn pacticular the proporticn of
the quartz and feldsrar is radleally diflersnt and the guartn/feldspar
ratics differ by nsarly a fector of one-half, The digervepunay is rrobably
due to dnsuffiecient or poor sarpling for the potrographic thin section
analysis, Thus the weirht nods is conzidered nmore relisble, The volue
motric and weight modes for sample 144 compare very well iwhen allouanze

is nede for density differences of the minerals; notes the quarte/feldspar
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Table 16, Volumetric modes, waight modes and partial chemical
anslyses of magnetite~quarte~F-feldspar gneliss and
& magnotite rich lmyer tabulated with the chemical
composition of & gillimanite-quartz-nicrocline
granitic melisa fron the Adirondacks,
Volunctrie inde Yeishy Hode Chermieal Commoition
145 Lk 5 144 145 144 B-13
LR 15-1 33.8 qtz. 54%3 2106 5102 760[. 32.9 71.“
Fe'de 1«5 .O 25 06 fﬁ’ldo BL ol }.3.8 :“11203 603 3-63 11,.89
*“}.. 0 0 ot 3.0 47.9 F\?203 3.4 3!006 2.0
bi. 2.0 1.1 hen, 1.3 Feld 1.00 13,0 1,33
SEr. 2.3 =x= ilnm, 0.1 %0 n.ds n, & 0.30
5CTe f Ee 0 55 rut. O.1 GCaS 0.04 004 0.50
Qi‘ .!. P :35.6 X r’?:gt 701 .11 -7 5'5.20 C’ol‘l 0613 } 035
S x ?01 KZG 5015 2»46 5 0(}9
G2, b4 x Lad .05 0.92 n, da
£ X 20 ¢ n.ds n,d. 05
i 2,5 Z7.0 N e n, 4 n, 40 203
1K x Ti0, 2,10 0l 0.5
I-71 0.5 fgﬁs ne da n, de .22
i X :"mﬁo B, do Ne do 0303
‘5’ -4 re&t o Z:c;za a&:@ T
ey 1.0 1.3 26 Ll geta1 100,00 195,08 9.76
145 « romatilomguirto=l=Tolfaor meodes, Conl.oa Cut, fizon frea, Pranllin
wnizd omdrensle, dow Jerscy.
144 = imometite rich layer, alizcont to 145.
2=13 = Sillimanite-guarte-nicroeline zranitic gneiss, Chate Cred!
Cewerntehdo Coadranzloe, ilow Yor:, Analyst, Lee €, Feolk, ( uoted

from Al P, Duddinstor, 19351)

P -~ B T S I

“Consiets nostly of 387, A1y

———

ainor Teplz, Fol, Hiod, OO and P05,
Sonsista vfu%t.l,y of Uilp, Alyls, Cal and P05 froam blotite, aputito
soricito and enidsote.

“y

Za B5ad EoD frow bistite and 511)Innite and



ratios are wery similar,

The striking chenmleal features of sarple 145 are the very high 8102
contant, the high ratio of Fe,03 to Fe0, and the very high ratio of K,0
to Hag0. The average Si0, content of grenites as 1listed by Daly (1933)
is 70.18%, lions of the granites 1lsted by Daly execced 71,08% 5i0,, The
K0 to Fan0 and F0203 to Fe0 ratios in granitcs from Duly's 1iut do not
arproach the high velues precsnt in asrpls 145, Acéﬁréing to the
coupilaticas of YNeelsdds (1954) bictite alkall pranite with an avorare
of 75.01% S10, Has the raximes nviorage 510, con tent of 211 granites,
liens of tha Averers cupmcitions ¢f eqlo-al™n1i or alk-1d gronilss; re
listed Ly boeleldsg hag ag kirh e Ciﬂz eontant or K50 to Loyl ¢nd ?9203
o Tl ratica es dozs parsle 145, Clerlly the magotito-quuorticel=felde
spar gacdes (eumple 143) doze rob Lodong to ths nomral geonlte olem,

Althengh the £iCH contunt of g:imin A5 wll erxcuads tnot of efinilar

,,,,, £, . ERPLN %13 I S I ) JOR L LR} . n o

paziszas ol th Aiverd~chay the ovie 211 esnporition of Aho £nDls
R, L PN P RL R W PSR 2PN Y » 23 B ) et

corpeapna’s e1oa°3y Vo oa eillis sdtcecaariseniorosiine granlte o uias

of the ;Airendzeks (1.2 and Troel, 1953, szc De13 in Terle 156) vhich

o3

18 intcrpreted as & mahascoaticed rmedspgzxdivent,
Hatur- lwv the striking fesiure of the pertial chomleal mnclyala

of the magnetits rich layor, sarple 144, is tha hirh eoatert of Fezaz
27d Fel, T ratios of thaecs are of courcs viry naar to ihe ratio in
ragastita, Iﬁ lg int-rooting Lo acte that the quartz to feldapar xalic
13 not tos Giffare~? 32 the tw na pleze It can bo conclundad that tis
quarts and feldapar doereana topsthior ag magnstite increases. The ratic
of 50 to tian0 419 alzo about the sare as in mample 145, However, BeC

Ziich ip carriel by M=faldspar; 1ls enriched in sauple 144, "his incrcase



in Sa0 in magnetite rich rocks corresponds ve-y well with the obserwvation
at the Beneon Minez made by Leonard (1951), where it wss moted that the
Ba0 content in K-feldspar separated from magnetite rich rocks was scme-
wvhat greatcr than in K-feldspar from wall rock gnelss very sinilar to
thope of the nixed gneiss eubunit,

CECCERYASTRY CF MAECALEIL, TITANIUM, POACTHORUS aMD SULFUR JH JHEG

- -

YITD GHRISS SUBUAT

Yarranasy
Ag wevicwrd in the scetien on goreat 3t is clear that tha mangnooce
sontent of the mixed greles gutumit iz hizsher than th2 rocsnncss eosntent

33 that

=t

of ike quaris-l-feldspar gnelsa, It sgeewa yurzanable 4o eoncl
thils high roaganase conbent is related to thae high ifren coute in
othor wirds the nangaress followed the irca during the piaczis of 4k
ragnenibsgunrbzeefoldssor gnadse and ra
high mangansse content tho mixed greles svbrndt is homolopeus to gizdins

gnoissss at the Bongson Mines in the Adirondacks (Lenansri,1951),

Titantvm

1

Tha '?iOZ content of the mamatite-guartc-l~feldspar gnelss and

agroeciated ragnstite rich laysrsz is very low. A8 ean bo judgel fuon

Takle L4 the 4i02 never euzecds 1,40 uzicht rer cent end g vounlly leca

than 0.5 woelght por cent. For the eamples fn Table 4 ths mola railo of
marnetite to 1l-enite + ruiile verdes froa /2,7 to 3.1, lagnstite is

relutively enriched over 740, in the snunles from the herman unit (154,

2

153, and 151), The datz suggest that the T10, content Incrcases !n
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about the mame proportion with the irun content ess though the titaniunm
end iron "ran together.® Additionnl data are nseded to substantiate this

ecnelusion,

[hoprhorug
Considerzble dats are available on the phosuhorus content of the

wbite rich leyers erd magnetite-guartz-K-feldspar gieigs of the Edleon

"!

arcas ~Tho datn sten entlrxrely from drill core assays vhich were rade by
the rittsiurgh Coke and Iron Company in 1943 (Chapier 8). All the oore
s asrayed in ghort langits (5 feet or lese) for iron, and son2 of the
corg vag asnar2d for phosphiovus.,  The phogphorus content of indiAddusl
anexyed sonilon vardes fron 1445 to 0.032 woight per cont, The everage
wephocas eontent 13 botwcon 0.1 and 0,8 walght per cent, Fhosplora
g onrcied by anatiley thue, for geveral of the assayed drill gorcz tho
hoonhiomig contont for the individuel ssooyed zuvoplea has been el Nie
1523 4n teang of moles of apatita por 193 ltors of suols. Tor t
g2 gonles the total iron econtent hos tasn rasalenlsted as moles of
marnehite por Uisr of sample, In Figure Sa theso two valugs Mor esch
aznayad eample have beon plotted, Although thsro is 2 wids distritutien
of polfnts the graph indicaias unaquivoonlly that apatite incressss with
ersatite,  The distribution ~f points detornines a szane vhich bog e 45¢
elopa and originates n-ar ths origin, In Fipure Ob tha petics of mnles
of roarmstite Lo molss anatite In each asseyed saviple i3 plotted in a
hintogram, The plot ehovs a vory sirong concentration of sanples In the
10=50 portion of the diagram, The moan valus of the ratio is nsar 35 and

sugzeots that the msgnetite to apatite ratio for ths entire bulk of the

nixed gneiss subunit may be near this valus,
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The most general interpretation of these data is simply that iron
and phogphorus "ren togather® in a more or less constant ratio, There
are savsral geocherical principles which might be invoked to explain this
relationzhip, Howsver, the iast sliple explanstion fg that the iron and
phocphorus wore both carricd Uy an ore fluid in vhich the iron and phoee
phorus content was flxed co that whon the fluid preeipit.’~d; the ratle
norad Was mednteinzds  In obisr words <he reletlonship

tetva.n narnetite and apatice 1o z2Lply a reflicction of a parent ove

- - . PPy P
Jur Bis b dizensczd provicusly with
apr OO Rt 2w -~ o D - L I . —
safersnoe Lo R oudlids rlel rona, Grvoral of the deill coves wore

PR N - . . ~ L SO B ] L. ™ o~ o~
ngsay2d for s5210ur ea well ag Ipen and plo hicmse  Dzeh 2ooped povnle

~ - . A £ am " e ey Yree
wvas 2 § Ioot or oonldize Ioacth of oucee (hoe cadlTur eoaieat of thone

lemy shileh Is noevor nore Yhen 0,8 wir ot oad gonceelly less thoin 0.1
paf eand {exoept fu the Lulilllo coma), i cugpmred to tlcir leonm and
shopproran conbent,  Thera zp cors Lo Lo wo oysbomatie rolotionchip
totwezn L7 o pulfur centent of the asoayed esmples and thelr iren und
phoephorus contante, Thusy iorta b io iito evident that tha iron and
phonphorus conteats ore in sv02 vy depe-dont wpon ~ne another (se2 rhoo.
nvhorue gaeticn) 46 ia eovally olosr kit the olfur eondent ig Inds, - ot
of Aron and phesproruas coatenta,

Thus it moy e eoraluded that malfur has eeted Independontly of ivea
end phogphorus during the geanals of ths mixad fmriss subualt, As wes
suz ‘ested previovsly it ic believwed that the relestionahlp tetwesn iron

and phosphorus ig 2 reflecti.n of the composition ~f g prinary cre fluid,
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Although the sovrce of the sulfur wasz probably ths parent ors fluid, the
ratio of sulfur to iron and phosphorus in tha ore f2uld wus 2t maintainagd
in the crystallized product simply beecuse culfur asted indapendenily of
the other constituvonts, Texiural evidenca citel in a previoua z2otlon
(Chaptar 3) indicated that the mlfids minerals crystallized leter then
iron and titanium oxidss, Thus it is postulzted that iho irresudax
distributi-n of aulfur reletivs to iroa and plhecpherus in a rosull of
cryct=1lization of 1fida ninsrals at o late stage, Thiz late "Timntion®

eachled tre mlfur to "sove arcind®™ zo that ony prirary relsiionship

vhich exdsted totwsen nulfur anl frcn and phosphorus wuld be cblit-

ersted,
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Th2 az-ociated meon-iite rich layirs ame ko nozt fmooetaat aancel of

the mixed gnelss enbunit, Tho fron iz 2hially in magatite flthourh a
considarable smount of it 4= in hematiie end goze in dlmonite, As deca
cribed in 2 praviocus soeticn ths entire mixed (malss e:tunit is enrle.:

in fron relative to adjzcont w21l rocke, The contoets with tre well ngia
are abrupt chenfeal dizcontinuitles, Frrtieulur szonea within the nfn g4
gneiss suhwnit ere extrersly rich In ircn and form high genda rarmetite
voina, It is the nurpnsa of this seciirn to evnlunts cuantitatively the
distribution of iroen throvghout the niwaed gneisa gubunit particularly

wvith referencs to the two prineipal iron oxides, nagnetite and henntite,



pigtritation of iron

The t-tel iron content of sssayed samples from the drill core variles
from 6,70 to 61,20 weight per oent, The awsrage assayed s-mple carries
2030 weight per cent Fe, The ovorall average total iron content of the
nix»d rnelss subunit 1e consideratly less and is near 10 weight per cent,

The distribution of iron in the mixed gnelss subunit 4s highly
irrerular, 4 detalled study of the sssayed drill corse data indicatss that
particular zoneg (voins ?) of the gnalss from § to 15 feet thick mrs greatly
znriched 3in iron and pay carry up to 5§ timos more iron than sdjacent zones. .
frg theory pertaining to the origin of the mixed gmsies pubunit must zecount

for this irrepuloar distribution of iren,

Diemtaribatinon of mearetita end hematite

Imtroduction, In this srotlon the ddstritmtion of nypnetite and
heratite in the rock lsyers of the nised pnfics gtvait s deceribsd,
Tha data eonos:miing the dlelribubtion of thoea 4w iron ozidog stons Tron
two pouvesz, (1) ratrogasphto deta, Sargely of a semf-guwtifeilve nstwie,
rnd (2) drill cors zaszay data, The discussion pertains only te primar
reintite end not to nartite,

Potrevraphie data., Tha genaral potrographie excuination of polishe?

curfaccs suszests thit henmtite is rore sbundant in rocks uhilch erz not
particulznrly rich in magnetite, Thus saerples of masnstite.guartoets
feldspar gnriss in which mepnatite is less than 10 voluma per osat appour
to carry a larpger proporiicon of heratito than do adjecont rock laysrs
vhich ere enriched ia magnatite, Accurate snd abundant mdal snalysss uie
nsedsd to ostablish these rolationships gquantitatively. Such data are

lacking; howsver, an exemination of ths mndal analyses of the camples in



Tgble 4L Srdicite in & geacral way that these qualitetive observations
gre truc, Clearly ecr;les 146, 145, 149, 154, ond 153 vhich ere roor
in mognetite 2ll eorry morce hematite than do pamples 143, 144, 151 wvhich
exe rich rermotile,

lle date which indiccte that rockes from

ho nilwed pnolce subindt, <hich heve stiong metacedimentary affinities
(high oilldriciite, prrnet, Victlfie onl guortz econtents) are erriched in

-

Loratide reloilve o Simple DBe1f1f (Tetle €) vhich l8 a
garnebtifsrcucwtictite-rillinmite~quards gnodes, is particularly intor~
this respzabe The w 2al onclycis of this rock is Mmown both

Sroon thin goctlon enelyels and fron s copoction of the magnstle and non-
castie oxdlor fron a reroes ntative gwrnle of the reck, It carsics 6
Volns pur eont fvon ard titanbuan oxddas of hilch 442 per cont fs jopnctite
211 1,8 pir cent harntite (Poth with a subordinate arovat of Intergiown
ridnerala)s  Tho ratio of varmetite to haiatite 1s 2.4 to 1, vhich -2 A1
Lo pointed cud later !s low welative to rany of the othor gomiples, f, 2.,
tre guample ig enyichod in homntite relative to meagmetite,

2ri1l cors data, It I3 not neccesary to rely entirely con the senl-

gquantitative petrographie data to egtablich the fact that hematits do-
crespeg in stiples vhideh nra enriched in magnetite, Several of the drill
corcg wire oscaywd hall for wagpztie iron and soluble iren, In the Toruor
¢ ge the rugmitie frnctirn g soparabad from the core sample snd analy:ied
for dron. Thus wagnoetle iren 13 fron mommetite but does include intore
arovm $lrenite and rartite. The soluble iron is not only frex mzgactite

Lut algo from primary cxides such as ilwenite and hanatits end 48 thus

the totpl iron from oxidae in the szmpla, It is balleved thut very little
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of the poluble iron would oons from dissolved iron silicates inarmuch as
such minorals are subordinate to the iron and titaniun cxides and are less
reedily decomposed, Hematite is alwsys more eabundant than 1lmeonite in
all samples examined potrographieally, Thus, the algetreie differcnee
betwesn soluble iron (total iron) and magnetie ironm will be approxirctely
equnl to the iron from the henatite in the sarple, Tuuns, for nll the core
earziles whieh have Loen anezyed for bhoth eolidle and rogartie fren 3t has
boon poscible to recileulats the assays into nolza of iractite (r- wistie
ircn) znd roles hematite (soluble iron rminus mugnctie izon) por unit
voluze of the carple, In thilg woy 1Y has town poszible to sluly cn e
large scale and guantitetively the dlstrib:tion 2nd relsticnrhips Latinzn
rarmetita ond hengiita,

Lo le Alrcususd in apukrsgrant seetion en the physlead chioriitey
of the iron oxides (Cheptor 9) thore 1p an oxidaticnersletin rod-ticne

ship otucon rasnstite gnd Lorovits shilech ray be exmrenrd as Tollo s

2ag0, + 3 0y = Foyls

In a system involvinr ths ircn oxddae, ragretile and heustite, 4 is
posritle thit the degres of cwddstlon eondd be great escugh that bonmatite
x8 the predominant phugey or 47 the dagren of ovidation was leow, nagnatite
ernld ve the predoninznt phase, A1l verlations fros: piuwo magsciite o
pura hematite are posaible in cuch a systes depanding vrom the phyisical
conditions and the way in whiich the ninewrnl assemblazse formsds  Thus a
simple wny of expreesing the oxddation crats of such an iron ozide grstea
would be in terms of the rutlo of magietita to hemstite, In rocks of

low oxidation ;rade the ratic would be very high 1. e., magmatite wmuch

greater than hematite, In cases of high oxidation grads the ratio wuld



-7 CPPsE MG Fortows )

FIé. 70 1) BAck

approach sero, i. e,, magnetite much less than hematite, In Pigure 10
the total iron (soluble iron) as moles of magnetite per liter of rock is
plotted versus the magnetite to hematite ratioc for each drill core cample
which was assayed for rmagnetic and goluble iron, The points dotormine

a linear zone which :asses through the origin and has a stesp positive
glopa, The diagrar clearly showe thet the oxidation degree decreasce
with incrcasga in the proportica of iron., It wight ke ergucd that thore
is & comuon torm (marnetite) In both the c-ordinates and that the dise
tributien of points 1s a nalnral eonssquence, This would bo true in a

exse vhere ragnatito wap plotied versus a ratio invelving warm:tites ond

a vhase such &g quartz or feldorar whilch did not have a ehemiesl reaniien

with th2 marnetits, 4y thare is sn oxidatinneraduction ”“fcfion bodweon
v nwbite and hermatite, it is quite concelwabls that with incrcssa of

tot-l iron the ciddatlion dsgres could eesily inereasz providing the
~oopar physie2l eoniitions (;zi)z) pravailed, Jhua von conzidersd in
inis vay (he dlegran 13 a valid ypersontaticn of the r&l.::tiuzz;hip.
In efipght campleg frem forty fest of ecatinuous drill core the tcoi:

ron oxide is alwiys legs than 10 mole pur eant of the assayed saw s,
ilenca, therms eiyht somnlez as far as iron cxide ocontent is concarnzd
corrsipond very well with the typlenrl mapnstitceguarto-l=fel i uxr (1 inn,
in Figure 11 the totsl 1Iron (soluble ircn) as moles of wrwatites por
liter of sample 13 plotted versus the mzrmetite to hematite eaiis for
each of thess odc™t eamples, Thy distribubticon of points is shout a
straight 1ine which has o positive slope and whicse estension pos o8 nser

to the origin, 1t 15 clear from the graph thet the deerease in oxidaltion

grade with increzse in iron content is oven more strikingly sppoarent in
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the magnetite-quartiz~-¥X-feldspar gneiss than it i: i{a the btulk of the
rocks in the mixed gneiss sutunit, 1, e.,, compare Figures 10 and 11,
Sirmexye The principal eonelusion wvhich ocan be drawn from these
potrographic end drill core data is that the degree of oxidation doe
creqpes in o regular fashion (linearly) with increase in marmtite or
total dron eontont, The theorctical reansones for this relationsi:ip ere
dizeosred In a gubsoquent soctlon deepling with the physlezl chemiesl

relaticug Yatuwen the dron and t1t.lva oxides.

-~



CHAPTER &
ECCRCMIC GEOLOGY OF THL EDISON ARDA
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In the Li%Zcon arsa the magnetite ora deposits sre cocnfinad tc o
novrow belt vithin the ndxed puclice cubunit, This balt cdbends porallel
to the trand of the subuait Tor 7SO0 fest anl averasss 133 to 279 fect

in wigth,



=152~

Several dictinot magnetite rich mnes are present within this belt,
end are shown on FPlate 1, either es inferred or indicated, Indicated
ore gonss are well establisched by drill core data and previoue workings,
vhereas inferred ore zones ars established by dip ncedle end surface
observations., The most important ore zones includc, (1) the ore zons
in.the southsast workings of the 01d Cgden end Roborta i'inos (this
corregponds to the sulfide wne); (2) the rre zone wiich passes thra
the northwost workings of the 01d Ogden and Foberts line and exlonds
from the Vietor Mine as far scuthuest as the Daveaport idpe; (3) the ore
zona which is loocted to the northwest of 4l Davenport kine and i
aprarently displaced along a rinor fault just gouthwest of the Plg Cut,
and (4) the ore zone passing throuzh the Vulesn 1'in3, In adlitfcen
nunescus smaller mapnotite rich layers ars ) roscnty howevsr, it is
dovittful if thege era large cacush to constilute an cre =onoe, Ib ie
poasible that othar eore =zcuze 1oy bhs present in the northwst porticn
of the mixad gielss gubundt porticularly et ihe Irca Hill Mine and pose
“itly %n tha zon3d passing thra the Copper Shaft, However, adiitfonal

data are nezded to id:ntify othor ore zoncs,

C:(J{"‘(‘. (n« f}‘ 3

Zeven dlarmond drill holes, which totnl 3987 fe2t, were made by the
Pititsburgh Coka and Ircn Couwpany in 1943, The core was assayed for
magnetie iron and som2 zoncs wore assayed for scluble iron, nhospheomu
erd sulfur as wall, In 1520 Lathlehem Stsel Company diamond drilled five
holes wvhich totrl 3015 feet, In addition they nade 10 channol samples

tetween the Roberts Mina and the Vietor Mine along the magnetite rich
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zone which passes through the Condon Gut, The Bethlehem Steel Company
ascayed the drill ocore and channel samples only for magnet’o iron,

The ¢ld surface workings in the Edison area not only provide infore
mation 23 to the locale of the magnetite rich »ones but also provide the
best cvposurss of the zones, The surfece workings which are located on
the buzse map (Ilzte 1) are open pits and from the eouth est to the northe
et are enlled the Lig Cut, Duvenport M4ne, Cld Upden ll4ne, Doterts
1in3, Condon Cut, Victor line and Iron Hill Gut, The underground worikings
were on the same naznetite rich sanes and froa the ecuthwest to northeset

nclude {he Volean dne, Davonport Hine, 01d Ogden Mine, Robsris lline,
Victor Ming end the Copper Fine, Thue, most of the magnstite rick sousa
wirs worked both on the gurfacs end underground, A1l ths voderground
witinga are now flooded und irancesssible;y howver, Bajyley's reyort
{1¢16) provides soue data pertaining to then,

4 podifled v rsion of a dip reedle survey rads by the Ldicon Conncigy
is plotied on the beose rep (Flats 1). Forty and sixty degres conbours
are usad, The sixly desree contour corresponis te en alsolute ronding
of 70-50° with a standard Gurley, lake Jupsrior dip needle ealibreted
to read -21® over hornblende granits,

EAROICEY A0 MUDRALOGY

At leamt two varieties of magnotite concentration ean te recogp?zod
in the mixed gmelss sutimit, The first of these Ig related to the typienl
nagnotite-quariz-t=-eligpar gneies ard I8 the most important type. In
thia typs ragnetite mey bte enricied in definite bands (up to 3-5 inches

thick) thich may have fairly charp contacta to the wall rock greissy or



l ’«b"

more often magnetite lean wall ro:k gmeiss gredes abruptly into a magnetiic
rich lzyor by a progragcive inereass in magnetite, In this lattor case
magnetite inerecascs from dicseminated grains in tho lean wall rock, to
thin diseontinucus bande in rich wall roock and finully into heavy solid
bande of marmetite 3-5 inches {hick, In geroral the eaze ninaral phases

re found in these rognctite rlich luyors e 4n the lean wall rock; howe

ever, thes proportiors of the it

nerels vary groauly (Tobles 4 and 5, Pige
vurs 3), Ilmenchencilte i serorclly zhicent from masnetite vickh leyers,
but it is often a mafor cecaccory in the ir:2diate well rock (ece Chepier
7Ve  Fefeldspar 4e eften shosnt in the neimetito rieh loyors but when
pregent fo alusye sn untvwinod wvariely (eoe Chopter 6 on Iefeldepar).
2arbz 1z alunye e pajor mineral in such lopers. &natite iz gaverally
encichic? in vegnatits vieh layerc and flecriisz has bein obnered, Minsrale
of rataszediusntary <{™nitiss such ce blotlte, garnet and 2illiwaonito are

subordivate In the rupostite rich layers, but sulfidos (pyrite; rolyjl-

danite, ohaleosyaita a-d bernite) avs loesdly enrlenzd (pee snoetlon on
_ ?
b

The eacond varicty of rmagnctite rich layer 43 wvfos&d of macnetits
and quartz end 4s protably related to the mazactlteoequartz gnolss (metze
guartezite?), This type occure am distinet luysrs enclossd within the
pradominant magnelitc-quorts-f=loldopnr gnoiss, Layors of thia verioly

re generally 6 inchea to 1-10 fezt thick ead may pinch out nlons strive
in 2050 feat, Internally such leyers are uriforw in that nasnatita and
ruartz are evenly distriluted. Fagnetite and gquartz are the prinelpal

ninerals of this trpe of ore leyer; K-foldspar is absont except adjecent

1o the contacts of nagnotito-quarte-K-feldspar gneiss. In addition
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4lmenchomatite and hemoilmenite are ebsent, wherezs biotite, rmscovite and
apatite are the chief acoessory minerals. As quartz and magnetite form
over 95 par eent of the rock, this type of ore layer is ninsralosically
vary simnle,

In ganeral the texture of the two types of rammetite oonsen’aticns
are sinflar in that thay are rrdium, even gradned end xenshloetfa,  loue

-y

evar, tho structures of the two t77eq are in rorked oat--et, Tha ramce-
248 ooncantrations whizsh arae rilaied to the rametite~jrartzt-lells-ur
gnalss have a zaclasie stimeture vory ainilar 4o that of the aljacont
gnaleses, In oonirast the magmetito.uards variety hes s very olooag
gneisaic strocture duo Lo ths ga‘e:‘c?{" lentiearity (drformnd charantar)

of tha minouele, Theaa differcnenz ware Alestscad in nore dutnil in the

section dsvotad to the pztrolosy of tha rixed rnalpcs sulonif,

COLTACT H.LATT RD PSS
i i

The contact relationshipas Lotuson the rarmetito-quartiz gneles and
the magnatite-quartz-¥~feldspar gnelus ie w1l 1llustrated by Flate 20,
28 can be seen in the plats the contzet with the magnetite-quuris-te-
feldspar gnsies is vury sharp tut eiig‘nt'{y irpeilar, It ic not the
planar contret of fissure nature but it Is the natursl grain toundary
corbact botween the adjueent layera of garlss, At the crutact there is
an ebrupt changs in texture as well as composition, lagnciite is enriched
in the magnetite-quartz.l-feldspar geiss along the contacts roover,
texturally this enriched zone of masmetite is quite distinet end ssnarate
from the nmagnetite in the magnetite-quartz gneles layer, Within the

ragnetiteo~quartz gnelss are lenses of magnetite~quartz-¥X-feldspar gneiss



which have well dewelorsyd Y~feldspar porphyroblasts, These lenses aprear
r-re intimately imixed with the magnetite~quertz gneise than do the distinot
layers of the magnetite-quartg-K-feldsnar gnelss, In addition there are
v-feldgpar porphyroblests completely isolated from any lensss cr laovers

of magnetite—quartz-¥-feldepar gu2ics, Thess reclationchipa sugtaat that

et lenat some of the K-feldspsr and psthops the macnetits.quertis.t-

follsper grviza wore formed aftor the formtlon of the ruprnetite.poutz

Tha ore zores are conforable to the foliation ~f the gnaisecu,

Lh -

In no cazca do runetite rich Y-ouwrs crosg-cut the foliailon of elfnaont

= )

gnalssese Structurally the nmagnebite rich layers cre oqmuivalent to the
rdiccent rock laycrs, The drill cors data chow that reornetite sonce
~ry fron 10 to about 30 fest in thickness, The thieler sonca nvae
always a counosils of sewvoral mognetite rich laysrs which alternate with
layars whilch are less rich in ragnetita, The thimsar ore zones ore pene
erally s aingle walforzm rammetite rich layor,
The drill core da'a, dip necodle sboervallons, and field chusrvntion

Aafinitely prove that the ore zonzs pinch ord swell pavallel to tho strile

{ the foliallon, Thus the cre zonas ghowa on Plate 1 are dise niinazus
rlong the ptrils; vhere such ddscontinuities are expected ths ore non
is infermed, astually, the data indieate that the ore zonca pinch o
in the folistion plens but in a dirscticn parallel <o the linsar gilrug-
ture in ths gnolsses, Thur the ore zones are tabular shaped bodics ith

the two mpjor dimenelons oricnted in the fclistion plang and with cse of
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these dimensions oriented parallel to the lineation, The lineation
plunges 55-60° northeast in the 0ld Ogden Mine and about 50° northeast
1;1 the Iron Hill Cut. Drill ocore data prove that some of the ore zones
extend to & depth ot least 700 foet from the surface; howover, it is
wncertain how far dom the linea structure the ore sones may be
projected.

Like the adjancent :melgses the nmamnetite rich layers are sometires
deformed into niner folds, fuch a fold vis described from the Foberis
"tire in Chapter 5. As such folds are t7ght, magnetite layers cre
cssentially doubled in thiclmess along the crest of the fold ané forn
a linear shaped ore body which plinizes slong the fold axis, Such ore
bodies huve a distinet cap and hottom rock. Althcech linoar eh ped
nagnetite ore bhodics along the ares of folds forn inmportant ore deyposits
elsevhere in the llow Jersey Highlancs (Sims, 1953), it is ceriain that
they are subordinste in the Ldison n -a. The rajor ore zones are tatnlar
shaped bolles as previously descrilied, and such linear shaped holes
that may exist are only the remudlt of minor folding of the lar-er vlanar
ore bodies,

Jointing and feulting of the mametite zone is icdenticzl to that

daseribed in the chepter en structure,
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CHAPTER 9
BIPERIMENTAL AND THERMODYNAMIC DATA FOR THE HAGKETIVE-NEMATITT-IL &NITC-
RUTILE-WATER SYSTal! (OX1DATICN - REDUCTION ECUILIBRIA I¥ !LXAMORFHIC ARND
FETASCI AATIC ROCL3

JNT=OOLCTION

In cxdsr to obizin ony remeonzble (otrolosie interprotabicn of reocks
vhich bear ivon and titonicm oxdds minerels (rognotite, hommtite, Sl-exite
and rutile), it is nzcoscory that the otahility r2letionships of thess
various minerals be v013 wndarsteod, liperinontel dela are lacking for
tha irom and titcniun oxlde systom eserpt at vy high tewpors
Fertunegtely rolizbie thermodymaumie dnts are evallrble for rumaetite,

ot ite end 02 over a ranga from low to high temperatvra, In wdiltlion
sore thermcdymenie dnta ars gvelleable for ilmnite end miil Trercfera
it hag boen poscitls $n enloulate sor2 fmportant ensriotic Anta for the
raznebiteshomatito=ilnznitzratilde oysten,

inercass (5 F) and the oguilibriua constant for tho reaction

(kereafter the ragnstite-henabite rezcticn) have beqn dotermined for a
range of ten eratizag from 23°C to 1423920 ardl o range of prermuoen {rom
1 to 7000 atogphsrez, In adlition the frae craryy increass for t
recotions, 2FeTi0; + 105 = Fo,04 + 2110, (herssfter the ilmenite—hontito
roaction) and  30eT 103 %02 ve30 + Jtiﬂ (horoaftor the ilmanito-
ragnetite reaction) have boen coupared in a serlecuantitetive way to that

for the marnetito-hematite reaction and it is coneluiocd that ths thies

reactions are ensrgeticslly very similar,
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RecEally exosllent data pertaining to the dissooiation of water
(21,0 = 2, ¢+ 02) at high temperatures have beccts availatle (Dwyor and
Oldsnberg, 1944). In a petrologlec system wbich oontaing ragnstite and
water the oxidatizu of moymetite tc hematite 2s & potential chemioal
recetion, In ordsr to evaluate ths effect of water on the nma:metlte-
hemztite equilibrium the “rog energy increese end ths equililiriim censtant
for the formation of water have bscn evalunted for s range of temeratitres
from 400° {40 1000°C and over a range of prosrurcg from 1 Yo 2000 atrioge
phieres, Tho data for the dissoclation of water as glvon by Dwer and
Cldentorg (1944) for L atmosphire rrossure over thlg reags of 4ampersiws
w-ra uesd, His ejuilibriw: ccastonts wero extondad to higflar piossures
by gtendard thoraadynacio ealsulationg,
<ith the epproxirate evaluation of the equilibriuz son tants for Uiz

=tions 2Fes0, + l'\ = 3Fa,0; and 2y 4 0, = 2H,0 &t is thon possidls

to evaluate In a quuntitative frshion the signifieance of a glvon oxldal’nsn

grads (iron axdds pacazornssliz) in e rotascrphie or metascmsle rock,
th2ge data are utilized in an eff7t to luterprot the iroﬁ and Litaniwn

oxids paragensslis in ths rocks end magnatits doposits of the idison wnlt
in ths Fdison arca,

Tr8 chenieal resciion Letwien reagrotite, heometite and oxypsn es
well rs the ixnotion batwezn 4irenite, henatite, rulils and ciyien huvs
been considerad &s reactiona bstwscn golid pheses end a8 gas paaa?,.
Therefore, tho data prasgantcd era only epplicabls to mstarerphia and
mstaecnaﬁio rocks in vhich the rineral paragensasis dovelossd in a
physieal enviromrent which consisted largely of 251id phaces end a ninor

pmount of disperse phase (Barth, p. 315, 1952). The dispsrse ph.ae

N
* 8
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includes sll nateriael in the gas or fluid phase 5 well as materiasl so
higshly activated that St has not becorwe permanently fixed in any eolld
phase, MNswvirthelese, these studies apply to igneous rocks once a polid
phoga such ze marnetite has forrmed, Indeed, the applicailon of these

gtulies to the eooling atazae of a erystallized fgneous rouk may reveal
inportent informetion pertaining to the physical conditions wh'eh existed
duping the deutsrie ctace,

Frobubly tho nsat ssrlcus limitation of this treatmsnt 2s that the
iron and titaniva cids - wnbor system 1s counsidored as fo0latad from
tho raminlor of the setrolosle syatem, Other aolid phiazae will of course
havy 4 definite £olubility in tho disperge phaess and im rarticulor othor

251ids vhieh conb-ia ireon ray influsnce the gtability {inld of tha iron

oxidos, Covlcusly, those diffienliics are imposnible to ovaluots Ina
nuenbitative uiyy thersfurs, mop: ide2l conditions have beoa ssrwnd in

I mipht bo wergued that tha trogbuest uresented hicre 15 Invilid

Lreevsa the chemlesl sonctions ag writtan prcbably do pol ropresont the

razl reacticn vhizh took plaes, For exanple, the oxddation of masnotito
to hernzilte ray have involved scvoral inbtsmmedlale chinienl exchangsa
vhich eannot be pradiciad, If such is the easa it can be slated with
cevlainty theb €he ronetlion rmlec will be eonsidarably mcdifisd, Eowsvar,
tha thaiwedyacsie troatoent enpleysd s rerfsetly goneral end tis ensyyolle
chanzes wWilch texe placs are not demendant upon the path of the reactinn
tut enly 1 on the inftizl and finsl states of the system, Theresora, the

treatoent employed ig applieabdls desplite the faet that the exact naturs

of t'e chemienl reactions cannot be evaluated,
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TIE MACNSTITE-HRLTITE (2Feq0, + 30, = 3Fe,0,) GEACTICK

133&1:@21495

The sipnificance of the marnetits-hematite chornleal mcaction cun
beet be emphasisod by pointing out that 4t 4z 2 potential chemleal
reaciicn in evory rock vhieh be.zo tio nincral mapretite, The roesction
ig sovcitive to the pariinl preciura of 0, [Z«-;;_.;;":, > ;r((‘*;}]. Thus, 42
it 15 ;orsible to detoimine the couililrlun purtial presuure of Oy, 4. e,
the dicsoeinticon p(O ) for baratite, for the rexclion over & range of
tenrerature and peossure 1t would te posuidle to obialn sone quantitetive
1dea of tho | (O ) orzesnt An @ rook feuniing oyctem.  JT ths pos 0, 1s
in equilitriwy vith other omi-cacnis, ruvch ee L0, 002, Hz, cbo., with
coruain sommplions anl oblher ogiilibzfus date L4 rdeht b pooclble to
calenlote tha partial proscuras of sce of theso other velsotile corponcnis
of the »nsk forring sraten (Vormody, 1942),

1

IV i1g the purpeca of this coelicn Lo niiling 211 tha availubhle data

in ordsr %o talrulate ths cquilibriuwn corttunt and p(0,) for ths vagnetite
A3

norotito poactinn for 8 soriez of terparatureg and rroscures, The data

ara of tuwo types, (1) exwrinental end (2) thermodynimic,

Zxnordmoatold Gutn

Varlous worizrg havwe gtodied Yhe rmoppelitc~-boratiteo=-orroen gysben st
high tewsratures o.d ab a {otal reccsure of one atwos;hare, The atudics
of Crelg ot al., 1735), Sehuehl {19/1) and Darken and Gurry (1045) stand
cul ng tho beat modern treatmenta of the syster.

Cr:ig and nic ed~workers dete.ominad the equilibriux temperaturs for

the magmotito-heiatite resction for partial jxeswures of Cy equnl to
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760 mm Hg and 159 mnm Hg, In addition they determined the degree of polid
solution of hematite in magnstite at temperatures between 1100* and 1450°C,
These equilibrium temperatures at the indicated p(0,) are listed in Table
18, Thoy found that at 1450°C magnetite will take up to 25 weight per
cent of 'catite in sclid soluticn, ERowever, as the tenperature drops
the degres of solid solution drcig very rapidly, co that at 1100°C there
ig legs than 10 weircht per econt hermatite in th- ragnetite, Tho f1:pli-
cation of thair work 12 thet at intersedirte and lov poircslogie torrar-
atures the pargontags of henctite in sclid eslvtion with rarnstite is
nogligible.

The experirantal data of Sclimh)l (1941) ars 2las listed in Tell
18, s detormin:d ths eguilibedun p(Qa) zt a eories of tenporatures fop
the rmagnailbe-harvsite rosctione His data acwoa very wall with Grilicts,

Ho workad at terperaturss es low as 131090 and alsa foond that there is

«3

iy 1inited 35144 goluiien of hematite in ragretlto at puoh a tecre
eture, In addlticn b2 found that thure 48 es-ontlielly ro narmabits in
s0lid solution In hautite ot tsozepatuzes looo t‘*;:r 1200°C,

The work of Darken and Gurvy (1345, 1946, 1953, ppe 347-339) is by
frr the begd avallable treatuont of ths rumstite=bamatite-osypan systen,
Thodr smperlnents have enablsd the econstrucilion of a terpersture-cerneositien
dfagemn for the Fe=0p gystem (le2, oit, p. 351, 1553), The equilibzimm
valuzg of ths ;—»(02) Zor the sezzstito~lionatite roaction as found by thom
ar2 listed in Teble 183, It 4is arnporent that thease p(Oz) arree vayy wll
with theso detort Lied by Orefz (1925) and by Sotimchl (1941)e The itz
aeturr—zanposition dlayran of Darken and Gurry (1953) reweals soms very

important facta, rirst; the dlagram indfsates that hematite takes no
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magnotite into s20lid soluti-n at any temperaturs, Second, magnetites
takes only limited amounts of hematite into sz0lid solution even at very

high temperatures, and esseatially none at temsperaturea lesc than 1000°C,

In addition, although 1t 1s of no particulsr significance to the mzgnetite-

:tite system, it 1s imvortant to note that magmetits takes no 1istite

b
(A

&3]

{FeO) into £0lid solution st mny tewpsr-ture or eompozition, rinally,

Drrken and Gurry havo evalvatod thc equilibeium “("'2) fer the Aiesor-

civtion of mugnetite inmto wllstite plus Oy end for the dissociatica of

vilgtite into native iron and O;2 for temparatures azbove 1100°C,

In surrary the expari—indzal date indleste tho following mejor facta
ing the na;metite-h«s.ntit:-c:”’ﬁn vrsbents Tlrsh, trers 1z ec-su-

conzerning ¢
t1711y no 2olid solution betusen masixtits and hoxatits b teror-luncs
Iszs than 127°C. Second, the discoclation p(Oz

for the nametite-horntlite raasti-n, eersous

the equilibriun p(’)z) Tor
73C to 8 volna caap

W

very rapidly fronm 2 value of 1 abongplisre ot U4

23,5 rm By at arout 1310°0, It dg shessToze 2laar thadl at $omoo atu o3

less than 1050°C tho oquilibrivn p(()z) i1l Averonce do vary ene)l valves

™ fron namatite 4f 4he '_';(02) rooronelieg

so that hematite 111 po-dily form

aty aspraelable leval, It ic ths purposs of the pemainlor A8 thig a:elor

“ee
i. ALy

(02) for the ma ~atiteuhnmatite reoti-n st

I
Ey
o
'3

to evaluete itha equiliv

terperatures less thon 1320°C and ot procurzs from 1 to WO70 et nerloonce

Thermodynenlie data

Cne form nf the dibbu-lslnholtz eouatien thich applies to any chondeal

reaction vhich takce place in a closed systen, at equilibrium uith the

external pressure and igothormslly 38 o F = L - To S, where o F, o Hand
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o S represent the inorease i: free energy, heat content and entropy

respectively for the given isothermal process (Classtone, 1947 p.206).
Thus, 1€ trke heat oontent and the entropy for the reactants and products
of the magnetite-hematite reaction avre kmown for a renga of temparatures
at standerd pressure, it would bs pes-ible to calculate the froe energy
inerease (o F) for the chemieel reaction over the temperature interval,
Fortunatsly, the heat ocntent ond entropy inorements for TFel, Fe304 nnd
Fe203 for temperatures between 208,1°K =nd 1800°K, at one atriosphare
totrl presmure, have recently become available (Coughlin, ¥ing and
BRorniction, 1951), In eddition enoontianlly the game thermodymarde data
for O, rra avellable (Pos  int, 1952),

Ubiliriny thos> hozt content and entropy data 1t has be:n posoidle
to ecrlenlate the fres ennrgy Incronse for the maymotite-hermatite ranctlen
for a cericz of temperstureg et gtarndsmrd pressvro, The exunle caleulalicn
halow fer a terparature of 1200°N A1l 11lustrata the rizthed,

27e,0 + 305 = 3760,
-~

24
Fy Py F3 (fres enory)
Hy H, H3 (h=at oontent)
Sy S, 53 (entropy)

T = 1250°C, P =1 atn,

Esat content and entropy valuea at 208,16°K (25°C) ere:

m
FBBOA ¥ 0203 02
Eag (cal/Cogerols) 35,0 21,5 42,003
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and heat oontent and entropy increments for 1200°K are:

F930 4 P°203 02
By - By, (0al/mole) 44,950 30,870 9183.6
Sp = Sa5 (cal/deg.mole) 66,9 45.80 10,73

The he ot content (emtroiy) 4ners-int is the diffsrence betwoen the heat

enutent (entropy) at tho tenzrature T (12050°X in this example) and the
~rean

reat eonbent (cntropy) et 25°C, 4. e, I = Hyg (5 - 325). Eance, by
Aing the haat conturnt (entropy) inzrenint to the heat content (entropy)

[n 1

o
ab 25°C (H55), it ic pos-ibls o (ii~in the heat content (entropy) per
nele for the togercture T (%) for rometite, cxygen end hematite, Iy
maltinlying these imlar values by the apprepslate coafficlents the keot
content {entropy) vilues for 'L rescionis ond rroduets of the magaciitow
bemilte rescticn ray bz cbialinods

. = 3!’: = 3(2" 131"0 — 12‘6,:‘;(}{)) & ..4{\.6’890 c2l/mole

3

:2 = ;;-y: = l("? 32,6 ¢ 0,070 = +4531,8 ealfrole
1{1 = ?,E‘.I, a 2(24,,950 = Z67,000) 2 /24,100 oal/role
ail = By = (i, + 1)
AH = 57,377 ¢nl/mole

Sj = 3”‘}:‘ 3(4)0¢3 + 91'.)) = 2‘7109 ca 5’5:.?’&01&
S, =25 = H(10,73 + 10.90) = 20,855 eal/dezando
S = 2% = 2(€5.92 ¢ 35,0) = 293,98 eal/degemols

uS =8y = (s, +5))

a8 = «21,%5 cal/dzg.mole
hencet AF 3ol « Tu S

AF = =57,382 ~ 1200(~31.55)

AF = 219,032 ¢nl/mole

= 10,0 ¥erl/mole
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In the same manner by utilizing enclogous heat and entropy data
(for the appropriate temporature) the free energy increas: for the
ragnetite~-hematite reaction wae calculated for a temparature interwvel
from 25°C to about 1400°C, at one atmogphere totzl pr:csure. Theso walues
arg plotted versusg tempcrature in Pipure 12 znd along with ths & -ro-2iate
AK, 48 and oP valuss sre tatul-ted in Teble 12,

Other worters (Fichardeson and Jefles, 1948) elso c-lewlzted thre
freo cnerey increame for tie rammatitonbenatite receiion over tho enma
texpersture interval at one "t& cmove total prcsrure, They wznd the
cons method s cutlined aLa* bub 23148702 oldar herd content and o
d2ta, Theiz valuss of AT wvoruous toinorature nlso are ploticd in Fi e

12, It is obvicus th ¢ the wgvecront bolwioa their curve ond the cae

-

enleulated with the rowe woeent Jata fs vory pood, egpsclolly fa the

g
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(act ?ezuj

is Kl = .. s = ot sy e

vt 75,0 )2 (nct 0)2
(-Ct IUBOA) (z.‘Cu 02)

Sy the mags eetica lau vhe aectivily of a pure solid is ecusl to unity,
Durken ~nd Gurery (1946) evalvated the cotivity of Fe304 in mgmotite at

one atmocphere total uressure snd at termparstures abuve 1100°C, Their

valuesg for vuriocus temperaturss are listed in Table 19,



AF Kcal /mole

1 1 1 1 1

-50 1 1 i 1 1 1

L 1 1
300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700
Temperature ° K

F1Q.\2 \sobars showing voriation of free energy increase (AF) with temperature for the magnetite - hematite reaction
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Tzble 19, Activity of Pojol. in Magnetite

TC act Te O
4

1457 0.85
1392 0.90
1330 0.925
1213 0.93
1130 0.98

Inzzruch we bolow 110°C ot 1 atucsphsre total pressure, =0lid soluticn
of hemztite in ramnoiite is ue;lizidle (Dorleon and Curyy, 1953), tho

actd ity of 2‘630 4 in repastite w111 be unity telow this tenperatures 8
neinatite tokes no manaztito into polid ecluticn, its setivity Is unity

2t all terporalures ond abt ona atuogphere total prossure., 70 b g cocww

that the eolid polution relaticnchins betwion tasmetits and homaiite are

3

1wt influsneced by precsuro, thich pramgs likely in view of tha fost that

-

+

nzir confficlonts of therral expansicon and ecuprsesibllity zxo marly

i1denticnl (Bireh, 1942), then 4t me2y be concluded that the nctivities of
toth henatlte and mpnctite z2re unity for all teuperatures telow 1005°C

and et eil geolozic prasgsures for = pystem consiasting only of pagnetile,
hematita and oxypren, Thus the equilibrium ccnstant for the rsiction muy

be sirnly sxgprecsed as 1
¥ =

ul o i Vit

(not (32)é

Inzgimach as tha conecentration of ecxygen WAL he very gmll it is pernige

0ible to pubstitute the psrtinl pressure 02 for Its sctivity. At low

concantrations they will be identiecal, Thus the final equilibrium
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constant is simply expressed as Kl = ;)

p(0,)?
The aotivities of both FeBOL end I"ezﬁ3 vill devizte riarkedly from unity
in a normal petrolozic system in which warious solid goluticng with
other comnpounds are fori=d. The simmific-nce of such deviaticns will be
evaluated subscquently,

Uzing the releticachips o F, = <HiInd whizh is dorived fron the

-

rancticn isothorn (G1 agctony, pe 223, 1047), it Is pozcibls to enlevlet

the esuilibriun ensiznt for the o notitoeheruiite recctira ot cuy

teupereture if zhe froa enorgy irnercaca is e,  Thus, ucing the T

valuas obleined frox the themadiovie dotn, the couiliboirn concli-nis

(;:l) wire enleuloted and exo Jisted fn Tadls 15, In ligwre 13 leg By
rlotted vorsus &% for onz abtiwgphere prergarc.

‘K

If the equilibriunm p(Oz) for the wagnttite-hematite ronction is
tmowva fren exparimantal data end Lhe selivitizse of
are Imown for the approysicte tenrzrulures, K| ¢ be dlroolly wenlunicd

~ -

I% is then pos-ible to ealculnte frac encrpy incrsacs (_7) by veicg the
expregsion LF ® «RTIn¥ ‘1 This hes been done for the high to porature
exporinental data of Darken ard Curry (1945). e thres ealeulated val
of 4F ars listad in Table 13 and avs plotted in Flzure 12, vhere thoy

211 on tho curva of 2icharicen and Joffes (1948). This apreanint is

¥pected ins s;.‘uf‘h ag Ricrhard.en rnd Jarlaeg vesd eirilar experirental
data in ordor to pleot the upreor pertion of their curve, The upper
portion of the AP curve of :nicliardson and Jeffea, vilch coincides with
the experimental data of Darken and Curry, is s wll dofined straight

line and has es-entinlly the sams clono as tha ourve eatablishad
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ti9rmodyn~mically in this papsr but is displaced *+1.4 Koal/mole fronm
the latter, Darken eni Gurry clain en rccuracy of sbout 1 per cont

in their p(02) deterninntions, which is not pufficient to expla‘n the
differenc: Datussn the two curves, Coushlin, et al, (1951) olain o

recuracy - mly 1 to 2 rar cent for the btulk of tlodr thoww ol le idlle,

An ecvor of this maraltule eculd explion the dicarepancy bolum (ke Lo
curvim, ory 1irsly tho civor dn the 4 erondlc i v tiLIcn d0 o om

. N - gyt g R % A Ay 2 Bl W . Ve v - ...
lags ot lowr termyerutvicn, e thet the oreer in ks OF vilulo ¢ lons

& . . om JR Fad rs PR S v e Y Tham Vo o
1ated there~dyns ~leally fer the low Lo sornture wwnss fo pro’ Uy Toor
FAN L4 bid e p - . g . - - R ArE B B N “— 1
tren L L Needy This o 011 errer vALY Dievs wery XIUEIo 200 ot o Ul
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Ireroomaoend o 2323 0pius eonstond Tepe The mann ViAol TS v ien
e Loan Foroan fotodl an ovavnoooe 00l T ool
smniem of Ahu o dats Lo e lrelsgls ppe e foonem oroootod Lo o
Wifooto d o e sovle for hish sesosara, D uizhoag the poasilon
inolvza a e it ass ’(02) i 1o aIn b srrgeuse ATL T v Tl
infivenee oo ho poaslitin of L o700 lun, cocferug Y too v L0 oy
“o rwalupt the Deeg oot ua {ec 1 cna L) fer w0 of
-

high sosnreoge he Lo Jde thee 0w cte poonturchip T L oo Lol o
AF to pmemisy fz (ST o= oW, L e odle Ty dg the incioount el )t

T
St Tioae o woced dne cane o Lonen b Gy in W proseere UL
cengeant Ty ndl oV 15 o toler 21y 3 glange Dor the resetfon al Lhe
tonpsrature T (Classtors, 1946, pe 231, 272), thiioh for the reaetion

o
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, 1
o0, * g0, = e 03

(specific volumes of

. v '/ v
1 2 3 reaotants and products),

is oVs= V3 - (Vl * V2)

In orlor to evaluate iho e¢hange 4n tha free encrry irarcapse it is nuce
cary to Integrate the atevs ecupreasieon,

a{aF) = =Vap

F
o F) = f aAVaP, T = eonstand
1l

[ PR P T o e = . ey X oL p ey 3 IN
the lnits of the datooratlion ers from 1 oatousphere triel prcniure o
o e P . Cam gt g e MY L Y, T -] hd .
he Yrzivcd rivcoure Feo Thrroforsg a{a) = u!’P - 5Ty Wors
T T
& L
b
T A - P - et 4 - . - ~ % oy - .y ) - : . L1
P oto ihe froz eotvgy ficieape at tho high proser, Py oand aFy du tle
&
I - . P oA ey s Sa L i V. A, ey e oy s e e emm
LD ETLIEE e G AN TN 3] nt 3 ‘)..~?7,.“n‘,1£'3 Ol 003 oo ~.‘¢.:Qﬂ'.1re. Laav'e Ll LS L T

K e PR B R S onvapgnndaaam M2
AR R R PRI Intrecze 2t any pronsvma ¥ and ternapsture 700
P

(27.), = |oFg ¢+ [ s _
1 T

Lo the values of 4T, hava elrecady beon dsterafned for a si:ries of
1
ures (T-hls 18, Pigae 12), it i3 only cccescory to evaluata he

' Lo e 3 - s = - ey 3 - 3
rtogral form Uor the gy oot of tar orabires in order to eveluats o TF _,

- -

B P .n . R : Py . vay . . - g
Thr ok vwilwe choyrey aV, fe 36010 a fenction o the U el

Ty ~ P R IT R S LS S AP e - - wraVao Y on g
prosinre ond tencriwre, Uorefore, Ja orlas te evalude the Ind.oo=al

[s)
cr
e
p
t
i
[
1]

b wme nscrasery to doterning oV for e serits of imerires (o

-y EAESE I ST Ny 2wy - ;Y. ) " - PEE LT B
cpeeified terper luros) =nd ilen to et thoes o Vo vespue P oisothors

[
i

v

L

The arza bensath sn dsotlora botwesn cne abnig here and aay ot'sr prosruse
r

P ig the velua of the integral _f ~Ndy, fer the particvlar pressuse
1
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interval at the partiocular tenpornture, The addition of this area to
the fres energy increase for the reazction at one atmosphere pressure,
aFy, (for the spceified tamperature) will give the free energy increase
for the reaction et the hirsier yrosmure, AFP, for the epcoified tempore
zture,

In oxder te evilunte 4V iV ip nzeortary io Imow tre tler woluncs
nogified terrer.ture and prescuro.
his nzecassitates a Imouledse of tho conpe bDility and thorrmal expunzion
cxelfieionts for tha $un oolids end £loo a1 ecuabisn of glate for cgrosn
vileh would be suitaRle for hiza terpsictores end prossures. It is chviong
thot tha rngaituds o0 the chisagn in the polor vosluizs of the two oolid
pracss 1411 ko vouy reh lape thaa Lhe chang2 In the voler wolwa of 02
for a vnit change {n pros wre or temperature, Thus in the ax;rcscion
oV o= VB - (Vl + Vé), G vl of (VB o Vl) vny ba orunidsrad congtent

LT S N U o s SR S £r
throumout the temnar-buro and v reoovre o oLoct intorcrt,  In otlor veidn

the gormores-i

[od
b
j-d
S
ch
¢
]
1]
pde
-
SJ
I by
4

w2l expanzicn of tha gas 02 are 80 nach

or them tha eizilar esnsbmds for masnotiis and heratite (Cireh,
1622) thet any chan~2 in the rolar volun3 of the collds due to increacs
in te pirature and ;ooscurs Wi be Incimificant rolative to tha change
in the noler voluwmo of 02. Thorelere, the pootlon of eveluating oV is
roduced to the problen ef evaluating the rslar voluns of O, at high
tenparatures end prossures,

Fertunately the following rmolern empirical equation of agtate for

02 st hish preseurce and temperatures 1z availabtle (Taylor, 1952).
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This equation also is epplicable to a mumber of gases including H2 and Hzo.

The valuss of the sacond virial coefficient (b) and the third, fourth and
£1fth virial oceffiolente (b)) ere given in Takle 20 bolow, (Tayler, 1952),

Tcbhle 20

b c,.:B/z.;olo bc ';3/role
Hy 1,40 - 25,12
H20 79 229

Thorefore, it s posuldle to deturning the tolar voluwl of 02 et ooy
Yich temparature end proscoure by picleorning a pgrochieal eolabiom to ke
ebove aquaticn,

Lsing /6’13 =3 tho best c‘.’nsiﬁy value  for pure megnotite and
renatite Gthe volirw of mamotito S 44.5 x 107 -3 1iter/mole and thy vwolusw
of hematita 30,7 x 107> litos/mele, Thus the difareace (Vy = V,) o
caual to 3.1 x 1070 litesy, Uitk the grarhically obtained walus of tho
rolar volimy of ths Oy aud ths etove wlve of (V - %1) (nscued cs
eougbsnt at hiph tesperature and preoccure) the value of LV g ohiajnad
for o serion of progsuzes frem 1 Lo 7000 almospheres for the thres temper-
atures 600%, 1020° snd 1800°K., These values of AV were plottad versus

pragsure for these three isotharms, The area undsr each of these three

wa
isothermal curves /me.g.sured for the prossure intervals of 1-10, 1-100,
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1-1000, 1-200G, 1=-5000 and 1~7000 atmosphsres, These areas which were

in units of litereatmospheres/mole were converted to units of kilo-
calories/mole and were then added to ths valus of ¥y (£ree energy
inerozse ot 1 atmosphers pressure) £or the proper temperature., Inagruch
as 5V 48 a negative valus the changa in free energy incrcase vith inerocase
in pressure 18 negative, po that at highsr preszures the OF mstuica a
hirher nepatfve valus vhich simdly indicates thst the equilibriun for the
reonatitetionntite reacticn is shifted to the right,

The OF data for to%2) prescures of 10, 189, 1000, 2900, 5000, and
70 cAnoopheres, at tenporatures of 600°, 1000°, and 1600°K eme listed
in Table 21, ofF vorcus F 45 plotted for thops threo isotheras In Figure

t 48 apraront fron the fizure thnb pressure has a vary sipgnificont
effect vpon the weluve of oF, Lut that the influercas ef procsco is
greabost in the Interwnl fron 1-1700 atmosphoroes, after wilch the affect
of rrazsure boecomms stendily Jess eignificand, 27 wersus T Iag ploltced

for the is2bors, 10, 107, 1000, 2230, 50720,and 7000 etwoaphcres in Viiwe

Using the relaticnship AFT ®» » B7Ink as befovs, the equilibrius
congiants for the nognetite-tem=tite reaction wnre svaluatad for the
hirher pressurec, These weluss of Eq ore ligted in Toble 21 st the

apprepriate temperctures and rroscurecs The lop Kl rSreus % are
"»’

rloted in Pigure 13 for the varlous isobars,

Thus by uging Figures 12 and 13 it 18 poacible to Asternlre readlly
the froe energy increase (o F) and cquilibrium constant (Kl) respeotively,
for the mapnstite-heratite rcaction at any significant temperature end

pregsure,



Table 21. Thermodynanic end equilibrium data for the
mugnetite-hezntite reaction (2Pe30y + 402 =
37fep0N3) for selected high temperatures and

pressures,
Total Gus oFf

Pressure TC T°K Kcal/mole K®  log K® p(0,)P ata. 1log p(0,)
10 atm, 327 600 -39.9 3,67 x 107% 14.52 7.43 x 10030 -29.13
10 atm, 727 1000  =-23.0 1.35 x 100 6.11 5.48 x 10713  -12.26
10 stn. 1327 1600  =10.1 2.17 x 10 1.33 2,90 x 10~ - 2.54
100 atm. 327 670 =41.3  1.22 x 1515 15.00 6.7 x 1031 220.17
100 etm, 727 1000 -30.3 2.26x 100 6.60 5.52 x 10~14  -13.26
10% atn, 1327 1600 =13.9  7.90 x 10 1.90 2,19 x 1074 - 3.¢6
1600 atm, 327 600  =43.2 6,12 x 1012 15.70 2.62 x 10732  <31.58
1000 atm, 727 1000 =23.2 1,92 x 107 7.25 2.71 x 10~15 <14.57
1050 atm, 1327 1600 =13,2  3.07 x 102 2,48 1.45 x 105 - 1.34
2000 atm. 327 600 =44.0 1.22 x 1016 16.05 6.71 x 16733 -32.17
2000 atm. 727 160 -34.5 3.67 x 107 7.55 7.43 x 1016 215,13
2000 mtm, 1327 1630 =19.9 5.21 x 102 2.71 5.03 x 10~6 < 5,30
5070 atm, 327 600 ~45.6  £4.95 x 1616 16,63 4.07 x 10734 33,39
5000 atm. 727 1600 -25.6  1.00 x 108 2.00 1.00 x 10716 -14.70
5600 atm, 1327 1670 «22.7 1.23 x 103 3.10 8.33 x 107 - 6,08
7000 zta. 327 600 -46.5 1.00 x 1017 17,00 1.00 x 10724 -3/.00
7000 ata, 727 1000 ~37.6  1.73 x 105 2.21 3.34 x 10717 156,48
7000 atm, 1327 1600 -2L.0  1.92 x 103 3.28 3.70 x 10~7 =~ 6.43

a . AF

InkKy = = T2

1 RT

b 1 (2ct Feolq)?
P(Oz)ﬁ = 23

" (aot To30,)7 Ky

et Foplag = unity <t 21l teverstures ind rressures,

ect Pe3d, = 0.925 at Z327°C (Table 19) and unity at 327 and 727°C for
a1l pressures,
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-0

-20

-25
<

-435

-50

Fig

.

— 150 —

1600° k

600°k

L | i 1 i

! !
1000 2000 3000 4000 5000 6000 7000
Total gas pressure in atm.

. 14, Isctherms showing variation of free energy increase (AF)
with pressure for the magnetite-hematite reaction
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Saloulation of p(0,) ‘

By using an netivity coefficient of unity for hematite at 211
temperatures end an activity coefficlent as ezloulated by Darken and
Gurry for magnetite (Table 19), at tenperatures grester than 1100°C, end
an activity coefficilent of unity for magnetite for temperatures less then
1100°Cy and knowing the eguilibrium congtant for the mmtito—izmtite
resotion it is poseible to caloulste 9(02) for equilibrium at eny temper—
ature and pressure for the magnetite-hematite reaction, This has been
done for a seriep of temperatures el one atmosphers pressurc, see Teble
18, In additicn, vriilizming the high temperature end pressuve equilibrium
constants as caloulated in ths previous sacticn, the p(Oz) for equilibrium
in the mognetite-hemetite rescticn has been caleulated for three tanper-
atures {600°, 1000°, and 1620°K) st total pressures of 10, 100, 1600, -
2000, 5000, 7000 atmospheres, These velues are listed in Tadle 21, In
Pigure 16 the log p(0,) versus %-K ig plotted for the gbove isobars, It

is clear fron the figure that there is a linesr dependence of log p(oz)

on %‘K, so that the log p(Oz) inereagses with e decreese in %K ie @4, p(02)

incresses vith T, 7This of course ig mersly & confirmstion of the empinr.
icelly estehlighed feot that the dlssoclation pressure of hematite incresses
vith temperature, 7Ths figure alwo shows that the wquilibrim p(Oz)
decreases very rapidly with increese in pressure st gonstent temperature,
up to aboul 1000 stmospheres, after which the change in p(0,) with pressure
fe relatévely emall, Thic is of courss a reflection of the similer relae
tion of AF to P (Figure L),

The unioue aspect of Figure 16, is that it enables one te obtain
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Or 10 atm.
100 atm.
1000 atm.
V-4 2000 atm.
-5k &5/ / A 5000 atm.
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FIG.16. Univariant isobars showing variation of the
equilibrium p(0,) with temperature for the magnetite-
hematite and water reactions



a wvalue for ihe p(Oz) at any reagonable gsologic pressurs and for tempore
atures which have not bsen amenable to experimental investigation [i:arg**:l}’
bocguse of the low equilibrium p(C,) at such temperatureg/, Thus the
figure is gultadble fc- application to peirologic systens, icreze the
awailable experlrentsl dita have beon 1imited to low prsosure enl high

temperature (slag) eonditions,

In miture the ivon oxldes do nint cocur exclusive of othor elor:nlo,

Titzniwi 18 uowelly on irwortont eonotitusnt wd de digizitot=zy In vaeh

. S N4 Y B 1 N oY - X - R IR Y J PP
¥naralsg es 1lninite, ratilo, vlviosinel ond dn #olid coluti-n wi3h Ireon
A4 o . - o w p Bea wp v ok e LIRS PN . T
exidin, GF prrticdor infcecslt in vany sodaceradie eon? el Lo hile oo
Y X PO e K W DL or L2 R I X - %Y L e
are 1lmonidte and out?le vhich focvendly oorur chith ragnatits gnt oo

If thees minseals coysiallizad et cquililtrdvn, thea i34 4o ¢Toore L0 thors
rwst be sore ong or proup of eh vionl poasbticrs vhish Ao enils A corile
ibriuwn, The =oullibolvn tebweon ilronita zl the freom entldsz oo Lo
expraascd Uy two sinnle chenlenl roacticns,

(1) 2rci10g + 30, = Ton0, + 2020, (1hwsitemicnatits v att 1)

(2) 370710, + &0 = Faz(), + 5710, ({1monitocamattes 1ol n)
- 4

¢

e - P g e E s At N 'Y R | -
There sre sond lhomic Treonie dta (Loat costont enl oiooly) o tle

atle for flmenltes cnd rutile ot row tovpowalure end ons almantore
prigstrs, woith these diia and ths anslogovs data for hemallbe, moomatits

end oygen it is peoecible to cileul-be the freo eneryy insrons: foo uha
Y\ reaciions as writbten evove, Ths rectlis of thesa calonlaticne are

listed with the sane datz for the eagnitita-henatite reacti-n in Totle 22,
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Table 22, Thermodynanmio data for iron and titanium oxide reactions
at 25°C and one atmosphere pressure

magnetite—hematita,11menite-hematite 1Ironite-magnetite

OF Kenlfwole 26450 ~46,90 ~/6ed
H I\CT.l/"‘OlG -5505 “'55-5 ""5505
5 erlfdagasle =30.5 -22,58 ~29,36

& § =S +20,5 +29,58 +29,36

o -

L . 3 .

wvicus fyoz the $able that ths tharuosdmanie data for 211 the
- o ) lo24 e -y~ ‘- RN T ot oy ~

recevions  at a temperalure of 25°C and 1 atmogplisre pragsoirs are eszoz=-
- o d 2 R . 2 -~ - A P PR, . -
1131y ddondicel, Ferhaps more Inporitant, the enlropy changes cre the

.o s 3 KIS 4 - . —~ - 1. as . - [ »
souzy whits Indicoiing trat tha o2 valuzs for the thres swacticng will

o311l b ths sare even b higher touceratures, The eoneluslen oniioes

from Lhe Juniomirtel equaticn hich celates froo enaryy Yo i paburn
dla ) 15 5 Thue thy ) >
ie €oy |& =~ = S (Glaustona, ﬁ;/+6, pe23l), Thus thd lopz of
ST -
Qa -

the AT voroug T ourve for eaeh of the three re-ebinns will bo staout th2

It wwp stated rrivicorsly that the sensitivity of the cagnotite-liema-
bite renotica to yresowse iz dus to the influevnce of recmive on ths g3
phass ol not on the wolid phhgzs, Thug 1L o2 ms reresndle L0 & 02
that the influence of incressed preesure on the frse encrgy lnereass for
the two iliwnits roactions will not be greatly different fron tle inllus:ice
of pressure on the marnetite-hermatite resction, In thermosdynanie 12003

1t secms Mkely that |d S2EL| = oV 1a the sams for all of the tires
@ |7
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reactions, Thus, in a rather qualitative way it can be stated that the
free energy increace for these three reactionz will be about identieal
for all significant tempsratures snd :ressures, Likewime the valueg of
equilibriun conptents (O F = <RTInkK) for the three recctions should be
about the sana et any partieuler rrescurs and tenpsrature,

The equilibrivm conct-nis for thzco three re-ctiong oy be v iDrecsed

az bolows -
(ozt Fo, 0, )
. & 2
1 s 1
- (pot F0,0,)° plo,)2

P
P K . Ly

{rot 19%9}) rot L0, )

(<

KB O o i e L o s (4 ot o T —

L T :105);’ ;-(02)'2’

. 125
. (=

O

Lg disovsced previourly ihe zelivities of magmeiite and herztite fnn
syshenm i:valvihg no otraer ermponents will ta enual vo unlly st oot
p2irolosie terperstures and vrserures, "n an oxide gysten of 4ron and
titzniuvm there czn be cons'darable 10did polution totbuzen marnetites -nd
ilrenite, 1lronile and hexatits, and limited solid soluticn tatumon rutile
end 4lnenite or heratite (Chapter 6). Thus, in such a cystem the active
ities of tho ©0lid rheoes will deviate from vnity ascording to the decrase
of s0lid soluticn, Inamsuch as the degres of s0lid solutica is chiefly

a function of tempercture, the potivitise will vary with tempersture,
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Fres a consideration of the degree of solid solution, by definition
never greater than 50 per cent, it seems likely that the activity of any
solid phame will nevar be less thanj,5 or{.6. Thus a brief calculation
ghous that the walue of the ecuilibrium p(Oz) as c2loulated from the
equilibrium conagtznt and the ninirnm poepibls activities of the eclid
phages will differ at very most by a factor of 10 frem the p(Oz) oS
calculated freca the oquilibriun constant and unit ectivitles for tha

~

golid phases, A fuclor of 10 is not too sipaificant wion the vilwz of
p(oz) mey bo of the order of 10720 to 10720

Aotually the concernt of motivity rakes 1t ccnenivebls that the p(Oz)
for the three reaciicus can e equal vhen the eguilibriuvn conatants for
the thren roactions are pot (uits equal, The devistionsz of ths ostliviiis
of the uelid plinczs from unity in sffeot cuinznnube for ey 501l Q9770w
ence in the equilitimm constants, so that it is cntirely feo.zidble it
the p(oz) for the throe renctiens can be identlesl for any purticalar
preesure end temporaturs despite small differoncsa Tot n n tle violnos oF
equilibrivn constante, That the p(oz) be 1dsabiecal for the reucticns is
a necaority if mapnetite, rematite, ilmenite end rutile are n11 te cocur
tegether at ohoamical equilibrium,

Therefore, it mzy be concludad thatl thormsdynamieally it is possible
and even expoctsd to £10d that all thoce =£01314 phazas eryotellized sida
by sida, The eucrgetio treatrent substrntintes ths 1daa that 1lronce
magnetits, hemolinomits, flsecnchermatite, end rutile £11 could coystallico
as a gingle paregcnesis undar a single set of physiczl eonditlens., It
io ensrrotically wmeccssery (o postulate a viriable sot of rhysieal

conditions to account for this Laragenesis, Had this thernodynamic data
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indicsted widely different stability relations i, e., p(Oz), for the
eolid phuses in these chenical roactions, then perhaps it would be
nscessary to postulate several changing sets of physieal conditions to

account for such e minerzl asserblage,

THE VATFR REACTICH (2{2 + c»2 = 21120)

fenasdy (1948) has ealled abtention to th2 importeancs of the
valatile cornctitucnts axd the iven oxides of iymsous recks, Jle has

nrozarted data vith videh it 23 possible to ealeulate the nartial
pozgmre of 0, in = rock =21t with a particular ferric-ferrous fron

rrilo fno 2 poriicular terperaturn, Ho polnts oul thet ths 0 P anTe

nlzo smant Le in equilibriun 1dth the volatiles in the 121t end presiatls
d-ta vhigh enatle hin to czleulats the partial precours of 32 wiich
would be in equilibrlua vith B0, 04 =ad a perticular Tor $owlop ooz

ko

iron retio ot a glven temperature end gas pressure, As EZZG is ¢orbeindy
the rost ingortant volatile constituent in the prineipsl peteologic

syptems th2 gignificones of his computaticons are approient,

3

The puiz penerel tr-otunnt s enployed by Eennady nay ba ugad in
tie ease of rotunorphic snd mebrsinatie reska. Srom the duia Tor the
masnatite-henntite reacticn 1t 18 possibla to obtedn Lhe epilibriu;
(0 2) fron Fizure 16 for any important tewnsrsture and Lrestuss, IT
there is excess E;'ZO in tha petrolesio systen (wniech cuitalnly russ Lo
the case in elmost suy erystellising metamorphic or retascustie rook),

i1t 1s ncosazary that for chemiecal equilibrium to be maintained, ths

requisite p(OZ) for the magnetite-hematite reaction musl be id-ntical
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with the p(Oz) in equilibrium witk 820 for the given temperaturc end
pressurs, Thue if the equilibriwm constant for the formation of HZO’

(28, + 0, = 21,0, hereaftor the water reaction),
IJ(Hzo)z
I’(fz) p(05)
wora kncwn for sirmifisant terjparaturcs end pressures it would ba

porsitle to ez 1c1 late the partlal proscure of Ey :(}!,27 in cruililrium

s

in a sycben of B0, ropncidte and horatite, In nd2iticen if the equile-

-
ibriun counlont Tor tha wiler ronctica uzre lmown 145 would be poscible

to evalurte in a quontifative way the oxidizing or redueing offcot that
20 would kave on o wopretiteshenatibeo erycton upon enning to equilibriws
vith goeh e greten, Thus 14 e critical to evaluwate the cnililalm

censtant for the viler rezztion for a cories of sionificandt o eralvacs

a0 rassurt .

~ K
L or M

e R

b

P,

Lowane

e

tin
Dwyer ond Oldsnterg (1944) have experiruatally deternminad the

'l

E”r}ﬂ»agw_:fx 1

ot
Sy e A i eeiia

bi
J

i

equilib"iw:x constants for the uater reaction for a series of tepor-
aturea from 400° to 1500°K at a to%al uressure of 1 atwasphers, Theos

data are pregonted In Tebla 23, The log Kw vorausg % for 1 aluaapharas
¥

pragoure is plotted in Figwe 12, Utilizirg the relatlonchin AF A mnd

the velus ~f the fres energy inercace for the renction has becn deter=-
mined and io listsd $n Table 23 ond plott=d wvorsus TK in Flguare 17,
liote how well the values of log K, and qu fall in straight lines,
Utilizing Duyor and Oldenberg's data and some additional thermodynsanie

dete it is poscible to evaluate the froe energy increass and the equile
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Table 23, Experimental, thermodynamic and equilibrium data for the
o0 reaction (2 4 0y = 2Hy0) for sclected temperatures
end pressures.

Totel Gas a

Sressure  TOC TOK 4F Keal/mole log Fy Fy p(0y) ata. loz p(0p)

b 3 atm. 127 400  -107.0 55,53 3.39x10°% 1.95x16"° 19,71
1atm, 327 600 -106,5  37.30 2.00x1037 232220713 12,63
1 atn. 527 800  -101.5 26,60 3.52x1020 2,57x10710 - 9,07
1 ata, 727 1000 - 96,1 20.14 1.35x020 1,22:10°7 - 6.91
1 ata., 827 1100 =~ 93.2 17.79 617007 7.40020°7 - 4,13
1 ztm. 927 1200 = 93.5 15.22 6.61x1015 3,36x10°0 - 5.47
1 nta, 1027 1300 - 87.3 12.15 1.21x10Y 1.21:10°5 - 4.92
1 atm. 1127 1400 - 8.9 12,71 5.132012 3.66x072 - L.
i etm. 1227 1300 - 32.0 11.26 2.53:2011 9.6%:267% - 4,02

10 sta. 427 700 =111.3 3.8 6.3 ¥165% 7.4 xlo’;2 ~11.13

10 ata, 727 1060 =105.9 23.1 1.3 x1023 5.2 »10™ - 7.24

10 eta, 927 1200 -101.9 13.5 3.2 21038 2,0 xac~® -~ 5.70

100 b1, 427 700 <1148 35,8 6.3 1027 1.6 1071 220,80
100 atm, 727 1000 =111.1 2/.2 1.6 0% 1.1 0™ < 6.9%
100 atm, 927 1200 -203.1 12.9 7.9 x1019 3,2 a0~ - 5.49
1000 et 427 700 -122.6  35.2 1,6 1620 1.1 x107EE 10096
1090 wta, 727 1000 =112.4 25.9 7.9 X922 1.5 22077 - 6,52
1000 tm. 927 1200 «116.3 21,2 1.4 x108 5,4 207 - 5,27
2000 atm, 427 700 =126.5 39.5 3.2 xloig 6.3 zzo~§2 ~11.17
2000 ata. 727 1000  ~122.0 26.6 4.0 x1072 1.4 X107 - 6.85
2000 sim., 927 1200  =119.9 21.8 6.3 x10°Y 5.4 x1076 - 5,27
5000 atm. 427 700 =133 1.5 3.2 04 2.7 x10712 1,57
5000 atm, 727 1000  ~123 23.0 1.0 x10%3 2.6 y1078 - 7,07
5000 atm. 927 1200 =124 22,6 14,0 x10°2 5,4 168 - 5,27

e p(#50)3 -

= 3 ]_n?'v = . :L:)‘,;

P(Hz)z plp) e

b

Exporimentzl data for 211 1 atm, total gns prossures from Duwycr and
Oldenberg, 19.4.
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{brium constant for the water reaction at high pressures for the

investigated geries of temperatures,

¥uter remgtlon at high prossureg pnd temperatures
Ac was the case for the rameti!ts~hematite reaction, in order to
velunte the frse encrgy increase .and equilibrium ccnstent for the weter

ra- ohion et hich pressurs it is necescery to evaluate tho follouing

tramedynanic equation: aLsr = AV
ar |T v

v.cre OF is the fres enerey increass end ,\Vw the wclwss Increage for

the wmfer rozchion, In ordar to evwclunte L.Vw for a cering of toisirw

ctures and progoures 1t is noenssary to know the molar volunes of H.?.’
Cp =nd H 0 ot thess terperatures and p TeSIUNSE, Portunztely, the ereeifl
soly of Hy0 basz boea experdr ontelly cetoin ired
tenp-ratures up to 1000°C and prsscurcs up to 25
vy ubilicing ths eguation of state as givin Ly Taylor (1552),
3 b be }."2 «*’*bﬁ
57 e Lee .C?;;-é- + .;.;.?;5 + L1502 d;":g

1t 13 a gimple rattor to graphically detexmzine ths rolsr voluwmss of | 2
and 02 at high proseures end terperaturss, The firat and ssoend visinl
o~ VT P I - e ~

eefTlelinnts, by by vespretively, ars given 4n Teble 20, Thus 1t ig
rogrible Yo owvalunte ths wolime increuce sV, for the water reucticn fop

e temnerntunes up to 1000°C and eny pracoures up to 2530 bera,

4o for tha nagnetite-bematite resciicn the equatim

P
( a FP) B | F_+ f “VapP
T 1 7

applies to the water reaction; where Fp 1s the free energy inercase



et the pressure Pj AFl is the fres energy increase at one atmogphere
praszure and jﬂ oVl 4s the difference in the free energy inorease

for ths two preasures, 1 and P, for the temperature T, Therefors, by
plotbing oV wversus P for a greup of tezpearatures and measuring the arza
unidzr thoes isothernms, tho interral ray be evaluated and by adding this
value to the appropriate sy , the Iree encrgy incrcasa nay be
determined for eny presrurs, I, for the tempcratura of the spocifie
isothorm, The oV datse have boia enxleulated and plottod versus P fer
the 700°, 10720° and 1200°K fosthocirs., By a cories of gp roxizotions
the arag Lznoath eqnnh of thoss Zootharzs has been dsternined for the
presrures 10, 100, 1020, and 2200 alissrhsrca, Thus, the free ensry
inorense fer tho waier roesction wos deterninod for theso thres tempor-
atures et tre four indicated puesstures, Thage valuca of tha free ener.y
inercoos ars listed in Talle 23 and rplotted verpus P for thoe ihrea
Losthorrs in Figare 15, The praph, es in the magnatifs-bomatite pecotien,
chowe Blint the change In the fros entrgy Inerears is vary marked ian the
presgurs intsrval Svoz 1-1000 atmospleroos, Above this prasoure the

itios of the cuz:s leecnes eo largs that the presiure effect

Q
&
~
3
o)
T
5
Joe
o
2
ot

18 eonglderidly lecs. The cuwwves have bteen exirapoliated to 5000 sircpe
ereg In crdor bo rive en egpproxirate v lue of F at that pressure, OF
vergas T, for the isobava 10; 100, 1000, snd 2000 atmosphores; are
rlotisd i Figure 17. 4s in the onse of experirental dsta (1 stmosphere
fackar), there Is g lnear depondence of oF on tempcraturs, in eddition
the slepes of the izcbars greater than ons atwosphere are not ruch

different frox the slope of the exparimentally determined curve of

Dwyer and Cldenherg (1944).
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Using the oF deta as calculated for high temperature end pressure
.8 a sgimple matter to calculate the ecuilibrium constant for the water
ition by utllizing the following expression, AF = ~RT1nK, This
been done and the values of K, for the three temperatures 700°¢,

)*, and 1200°K and for the pressures 10, 100, 1000, 200(;, and 5000
>spheres are listed in Teble 23, along with the experimental values

iu for 1 atmosphere pressure, The values of log K y BT plotted vergus
'or the samo lsobars in Figure 13, For all isobars there is the

aeteci linear dependence of log K, on %K. In general the slopes of the
sulated isobarp are not too different from the slopes of the experi-
ball& deternined 1 atmosphere isobar., Figure 13 may be used to give
equilibrium congtant for the water reaction for eny signifieant
ro].t;gie temperature and pressureo.

mlation of p(0,) for the mter reaction

With the equilibrium oonstant for the weter reaction it is possible
saloulate the p(0,) in equilibriun vith pure H,0 for any significant
verature and pressure, A sampls calculation is given below,

Ay ¢ Oy = A0
. p(H,0)?
p(H,)? p(0,)

et a = p(0,)
2a = p(H,)
P = total volatile pressure
P~ 2a = p(H,0)
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Therefore, K '.(2__._2&)_. .(f.__&)..
(22)2 (a)  4a°

assums 2a is much lesa than P (very little H-0 is actuslly diszoclated),

than 2
o o[£]3

5
%

1)(02> T .
Thus the equilibrdux particl pressure of 0, for the wlcr recetion is
L1e2lly proporiional to the tuwo thilnds vowsr of the 12401 wnlor prosiucs

2d dnversely proportfonal to the ons third pover of ths eguilitiring

eonstont, Ucing the avove rethed the eouilibriim partisl prac wres of

oy
L)

12ty renction kave bein ealenlatad anl aro listed in Tohlic 23;

t

2 for vl
in adlition the log (0 ) hasz besn plotted vessus & in rtevze 16, TH
grarh elious that mozardless of the totnrl waloir proseues 1n the oyt
tha equilivriun p(02) for the imter reonilon revaing v vy n:viy ¥l
acre for pny given temperabure, The graatesi range of lor ;:(02) ie

s )}
froa «15,3 at 5000 etmogphares 1o =13,5 et 1 atinephcis foe g = 175

*K
At higher temporatures the log p(oz) feobars ratltally oross in the reqic
£} =20, 1. ., 2000°%, so tht stove 1630°K tho 2(0,) o grentor
for the higher Lcbal wnter jroscur-s, but below this ton orat.re thw
p(G_) 4B zetunlly lers for thz hicher totnl wtor rrepowres, This ralos
tionship is explainad Ly the fact that p(Oz) is o functica of ihe o nilib~
rium congtant which, as wns previcusly shown, ie itz2lf e fungtion of
temporature and pressurey co in effect the change in ths valus of %{“

cuncals out the effect that increased total watesr pressure hes on the
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valus of p(0,). Thus, regardless of total pressure the p(0,) 1s about
the same for any given temperature, 4 plot of log K, versus log P2 for
sy isotherm gives an almost straight line, This quantitatively sub-
stantiates the Itatmnt that the change in Kv witb increased total
water pressure oanentiany cancels out the effect o!' the increased
pressure on the valus of p(0,), sccording to the equation

p(0y) = [4%]’3‘ ,

In evaluating the p(0,) for the water reaction Kemnedy (1948) ignored the
fact that the equilibrium constant (Kv) varied with the total water
pressure, thus his values of p(oz) for high pressures are eonsistently
greater than for lov pressures, Thus by calculating x“ for high preszures,
it has beon possible to arrive at a mch more relisble figure for the

p(oz) in equilibrium with pure water for the high pressure range.

Inlluence of other wyolatiles on the water reagtion )
In order to apply the water resction data in petrologie problems it

is necesgsary to eonsider the influence that cther subgtances, partisulsrly
. volatiles, will have on the wter equilitrium, To evaluate such effects
‘nqniroanotonlynm\aedgo of all the thermodynamic erd chemical
equilibrium data for these other gases, tut also it is necessary to kmow

in what kinds of molecules and ions thess gases exist, Ubvicusly, these
data are ‘lecking for gases at such high tempesratures and pressures;

therefore nc atteupt is mads to quantitatively evaluate the effects of
other gases. Howuver, these gases all of which wuld be involwved in
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eoxidation-redustion reactionsa will ozuse the equilitrium p(02) in such
a "real” system to be different from shat 1t would be in a pure "ideal"

water gyastem aa has been congiderad here,

o S A 1 S

COMPARINOY OF THD VATEDR RLAGHIC VITE UHL DAG OTITh-" ATLITE

liow that the equilibedum conciants for the vater and tle raogmstdte.
nematite renetdons howe boon cvolunted for a group »f prirolesienlly
sirnificont temperatvrees end porcoures, it is poscible to Adcovon Ina

mora gquorntitetive. fachion the vardous coprets £ a gyztem erneletieg of

wter, pasnctite and heuatite et those toupsraliieg and prosorvssd.

1.

o«

Por pucpossg of dloeugsicn et uvs Lungire ws le-lated a wator goelum
end a ragnztitachemetite grotom tolh ab tho goma pocoouss rnl o oralvre
end both ab chiemiezl equilitieium, It 4o ol-or frem Jinure 15 that for
ey boops: sinsg beloy aboul 1200°K) o Aleas of the tota) peorsure,

4 it e Y B ¥ S NPE PO R rany gem - -—er !
ths partinl prosomwe of of 05 in cquilitedinn Alh & purs wabir grslen

e conoiderably greator than that in cquilibeciuwa vith a povy mapiititoe

henatila uycterms Henee, below 15)0°K the
rotizon the water ronsticn snd the ragnebite-hioratite recoilien, so thot

L

if tho twd "lenlatel" gveters are errbinnd aditilonzl oxidatlon of

' 2
to un identio~l value for that in equilibrium vith ragnotite end hermaltita,

rametite will tele plres unhil the p(Oz) in orilibrivn with H 0 drops

As wotar emizo to chendenl equilibriun with mangnstite-henatite by this
uiilizaticn of some of the exuoes 0, through the oxidation of mameotlte,

additicnal H, is formed; so that at equilibrium at the lowsr p(02), the
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P(nzi is oconsiderably grenter than for a pure wats:r system, Thus, if a
pock contains maznetite and hematite and if it 1s sssumed thal equilibriux
was established betwesn these iren oxides and the veter in the sysien at

g givon tempersiure and pressure [l;nowing from Figure 16 the equilibriuz
p(cz) for the roymetits~hemaiite reactiaaz it is poacsidble to c.lcilate

2
vith the tw iron oxides, By using the aupropriste values of p(Oz) fer

the requicite p(Hz) in ordor that H,0 ecould exist in chenic=l equilibrium

the mamnetito-lizmatite equilibriun (Plgurs 16) ond the gppropriste valucs
of the cquilibrium congtant for the wifer reacilen, th he rooulzite o 2)
for chonieel cquilibriun in 2 watersaagnetitentorniite grston hos bron
dstarrinad, Lhese values ava Ucted in Table 24, ond l’fbg p{Ha) iz 1 Tctied
Torand ,3; for the waricus ic-bars in Pigurs 18,
v pliy) for the purs wnter gysten is listud in Tatla 2 wpd 2 lett
in Clgure 13, It 15 obvicus that the p(" ) i3 coasidoranly snualor for
Wty matarencenstite-heritile cguilibeiun than it 1a for b2 muse vlon
cautlibedun, Jron Sicure 18 14 13 peaciPlo Lo elbadin an oo biots

v2lua of the p(!iz) (for a partlcular tormpocature and pronsied) ~fdch el

e

) - 3y i -~ o 2 a4 " - - P 1
Lave gxiated In a potrologle o) stes In siich wiler; mametiss ond Leniite

£y

wrs at ehonleal equilibirlun, Taug, 1 it 45 pocaible to ectimate Lu

vmzerature and pressure undsr whilch a it titoStenatits boering
rebnnorphie or melagonatle roch orystallinsd; 43 ig poscible 1o ditoysinz

tho equilibrivn p(ez) (riore 16) =nd p(HZ) (%‘1_ s 18) for tha STYD-
$011ining gyatom,

st teoporatures abova about I300°K it ia elesr from Figurs 16 thot
the equilibriim p(02) for the mazaetito~hormatite razotion is greator thm

that for tho water reaction, Under such conditions the p(H ) in equilib=
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Equilibrium p(Hp) for a pure Hp0 system and e

BaO-magnetite~hematite system for selected

teaperatures and pressures,

Totnl Gn8

Fure Ho0 System

Fd=tiagnetito-
lsmatite System

Preosoure o0 K p(Ep) atn,  log p(Hp) p(ip) ata., log p(}{z)
1eti. 427 700 £,02107 210,40 2,10x1075 =462
1 ata, 600 873 1.40x1073 - 7.85  2.27x10~2 -4.64
1 atn. 727 190 2.24710~7 - 6,61  3,14x1077 -1,50
1 atm. 927 1200 6.72x10°° - 5,17  2.52x10" ~hob5
105 stn. 427 700 3. -10mil “10.49 1.7 x1o~h -3.77
100 atm.e 6O 73 1,1 x1078 - 7.6 2.2 x10 =306
100 Atn. 727 1000 2.2 ;ao:g - 6,66 2.4 x1074 ~3.47
150 2t4e 927 1200 6.4 AAG - 5.18 3.7 x10™4 w343
10 ata, 427 700 2.2 xo1l ~10.66 4.5 21074 ~3.35
1.3 2t. 600 873 1.0 x1078 - 8,00 1.1 %073 -2.06
1000 atr, 727 1000 3.0 2107 -6.52 2.2 ¥10-3 -2.F6
1772 at=, 927 1200 1.1 x10-5 - /.96 4.0 x30~3 ~2.40
2200 5. 427G 1.7 x16~11 -10,85 7,0 x15~4 ~2,40
203 atm, A0 @92 0,0 x10-9 -~ 8.0 7,5 103 2,02
2000 atm. Y27 1000 2.8 X107 - 6.55 3.6 X073 -2.23
2020 atm. 927 1200 1.1 1072 - 1.95 6,3 203 2,720

————
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Fig.!8. Isobars showing variation of the equilibrium p(K,) with

temperature for the water reaction and for a wafer - magnetite-
hematite system
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in Chapter 11 on the origin of the Fdieon unit and uwhich were based on

other obasrvations,

MAGHET I T W ART ITE

"_--.

Tho drta presented in Ficure 16 provids an e:collent basis for cz-

plaining the origin of {hs vbhiquitcus uartite in the rinsd gnoians oot
unit, If, es before, it is zosumed thot he rogastitcoairi ory bonotite

L4

parcgenceia 1o an equilitriva accorlless and that 10, Hs and Op uire

ell in cqullibefum with theos exidon, the oripin of martite can bo

£, o el 2. % Feiaty S
explained as fcllowz., A the syatea eooled from the equilitrdum termire-
EY Peg? - - o~
| ture, estirated to be 500°C, it io ebvicus froz Ploure 16 thit a digeguili-
3
:
£ . L TP TR N e 2 . N
: el fs 2stsblisted such thul tiare Is Mexcouvs® 0, In tha spulen, dus to
1
E
! 3 | SUPRN z - . —_ .y~ e
: B0 2inzosistion, 1olatlve to the arownt of 02 nraposery for eguilibriun
o
P A O SUPK. B SPSUIY S ¥ N PR . P e - . 3
bafrmon regnedite end leratite, Thies dlesonilibelu: ia ovrnd by the
Pact Lhet v 2los o2 tha 1o wIn e 1 B N e . IS MU Sy
LHQ ER O SRR B SR R o s 0 PR A LN R A VIS A VLNERURE N T RN Ll
&
K
the wator pezolion &) ccnulliurebly lace $hon the 2lorzp ol tho wnlyariond
4 . . n“ot . K3 - [ LN e Vo LAY
ieobars of the mavnctitoebenstiifs vooeilen (Figuve 18),  In olhur words
M Y. L) 2. g, e, ey m Y B LN P r = . r, J s [P
: the amniliteiom p(ﬁ? Segrzapss nisvs waridly WL deorzzea in tonporacurs
i ,
2. . . -~ ., - . - ~
for tha macastite-ln. tibo veactism thia fow the ust:r resoticn, [@enes,
> s SR IPE % TR - N b . 2 o L I DR N B ~
if ouiiilrine i3 rotntadnnd bolwan the drom cxdzs o0l 7.0, 05 2nd Ha
& 2 2
during the cocling ;rocosz, it Is noecssary that sonz of - neemntite
.ﬁf
e e ¥ - [ e “m - ) A
¢ Tz ecnblminlly o:2dlszud Ly this Texerass® 02, ead thers weold bz a eontine
&
Ed

ual formmatien of homatite at tha exronse of roemodlts, In this inico-
: mretation sscoadary hematite or noriite is rezardad as 2 reirograle
E rminaral, as it has originated during tho cooling procsas of th2 ook in

regponse to0 chaenging nhysical conditions.



The virtual absasnoe of martite in e’.:2r the quartz-K-feldspar gneiss
or the biotite-quartz-feldspar gneiss is further evidence of their very

1ov T )(Oq). It m=y be conoluded that throughout the ocooling procsss of

: theze rocke the p(O ) of the gystem was always low enough thot the iron

erids poresanesis wis reprecented by pointg within the ragmetite fleld
(iirare 16) 4, e., tolow tho uaivariont ischars, The very w21l propors
tion of rootite in vors zanples of the quartzefB-feldespzr puoiss indlectes
treh In sono placis the 1’\(02) dld o ich a value vihiloh ecre 32d to a

ooint on onz of ihe wnlvarisnt isobarg, With rigrad to such sumples it

*,

ie coinelnlzd that beeonuse of the less rapid decreacso of 9(02) for the
vater vonctlon thore oz a polnt in tho cocling history of ihos2 cemples
<hen the p{oz) boesra eqnal to tho equilibriua p (02) for tha 2 3:tite-

erndiils esootiony 40 €., the p(Oz) fsobars for the waler wwicilon Inter-

cooted Lhose for the mupnilic<henoiife rescilon, and with furthcr eoling
ryebite foviond,

IV fe vy Closlidoennt thalb o obita s prenoet dn b vl sdea
sultinit end ol dn elfaeort plos of he guortzei-Telduia guolua,

s A E R SNV | . 4% P 2,
Lesomding to the iriorprolatlon that moatils 13 32

aizing the sipuilicsnes of the valvarient foatars of Fipurs 14, this

9

contegt relationship indlectes one or nure of the fellowing conelusions:

Vo, £34 mni T 3ot ey . - +- PP
(1} thet Ahs oud2ibrivn tecparature of the quari.:-l=leldspar gnrias vas

-

ccrnsidoratly highor than that of the itixed gnelse sulnnit, (2) that the

Q £

plC,) in the quartsefefoldance pusics wae much less than in the nixad
“
emfsg subanid, (3) 10 % the total gms przesurs in the quaris-l=-lsldspar

gazles wag gornzwhat lousr than thal dn $he miasd gneiso subuaii, cr that

tks gas composition diffcered redieslly in the two rooks, or (4) thet tha
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quartz-i~feldspar gnelss formsd at a sorsvhat different time than the
nixsd gneiss subunlt and under nuite different physienl conditions, e.g.,
rarmatiae,

Thie dipcuseion glvees gore indicction ¢f ‘he ediitional undorstend-

tng of the relragentsis vhieh delenileod stodles of the fron oxlde paragenesis

IS

ny offer, In partirular such gtodics reoy rowal a rroat deal about the
nature of the volaidlen Iuvolved in polueponsslisn, Tor exorcle; 1t may be
reacsible to estinmate tho actunl vOlvme or olae per ¢ant of H,0 vhich

exieted in a rotreolegie eooten by detormiin’nz tha encvnt of martite vhilch

» =z » EAR 2 . d sy
frrnsd Suring the conling hislory,

e E P . o .
tmrfen of lrenite with the uo

A L3 6o D RhUITte

2 lon, “hia foct

plus the very obvloug vocorlowy nriwe of the lLesdtitoeretils ag regatzss

- LI FU s PO P Y A sy, NP o -
in oxidis:d il-omits fedlent: 2198 the oridallon procsze i3 analesous to

tha exldation of magaetite to fowvm raztita, Eencs, i1t 15 bollewed that

B S -t [ £ L S 4 - ~ - &

Lhe oridniion of ilenite 42 a robrograd: proeecss in raaponse to tha

I Pinm ~NYier ol - TS - PR I - B 1T upen -

changlng phyoi-»l eanditicons Quring evolins, foizwizr, 2t zeralns o b:

cexpladred vhy rartite is picsent in gire vockz, exidissd 4lrenits in
othere, end in some rocks both ere prossat. Tor exciple, in the Biotite-

quartz-feldspar gnoles the ilmenlts teblets within rapnstits are often

i)
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partially altered to hematite and rutile, but the host magnetite is pot
gltered to martite, This relationship indicates that ilrenlie is oxidized
at & lowr p(0,) than magnetite. In other words a hypothotleal univariant
1pobar for the ocxidalicn of ilrenite would lie bzalow that for the magnstite-

nermztite rescticn in Pizars 16 (fcr the teporature and rrozsors of fore

ration of the blotitoequirtz-lelds~ur grolfen)s On tha other hand 4n the
rLed meiss swlanit ragmstitle dg 2lwnys partfadly altersd to nartite,

3 but 1lrenite nmay or pny net o alizrod, Whis 2clalicachip

o . 7 PP 2 ES 212 .4 2%-- F 2. P ¥ - FREYR
g hisgher o(0,) 45 noiad Yo oxldiss 1l-anites thon Lo oxidiliss marmatite,
g Mg “
} - b . . 4 3 .. B PYs - - -1 - -
This la rooele2ly oion dte Lo s e lilens racchad fron tho obnorva
- LA S . . PUCTNE-
tions 12223 on the Liotitc.ovoricelobiinor gnsins,

N e - < EAN R LI v - ~3..5
l2tdon rsoctions o2 thornliyasloolly o niils

e 2 AN - -7 T e LA -~
srible thet very &0 11 ehrnsos dn the cotusl o

P | T n = o 8, 3 . L
soluvion; slractural chamgrs; otas, or fn the ot
e el - & PR TR S Y S P vy e oA R & 3% L3 P -~ .. . .,
b2 sufldeicnt to ohd0% Tvon onz woootion to the othor,  Tn oilior imids,
-, -. £ M P PR § PP RN AP Ay -~ o - L QPR 4 o Y M
brasuez of 1he Shap ~iynarde oA et an s vl oentent oibie fer o Lle

ot Lasbirs for
: ~11 ¢hanges feon

: trant could

H

wuld be rove o 2331y exidlred,

TTUAYNT

J.ul
S oF
: .«.:r*r'm Ii
o A s e K e S

or]
oy
[

girnlegt explanation {or
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and sitanium oxides with magnetite is that of the gimultenscus corystelli-
zation of magnetite with the respective solid eolution of the non-magnstie
oxide, FHowavar, the morphologie relularity of those intergrowths and the
sboolute atoonce of any Arrsmulasr intargrewths of none-magmetie oiides with
magretite eugs3it that a less random proceps than sirmulbanczous eryolelli-
zation roy te rogponsible for thae iatergrewtha,

Rardohr (1639) poctvaliad that inbergrowths of magnstite Zth
heratito-ilricnite wera czus:d by the wdvstion of lonccg of bor-tile
{0 nagnetite, In the Light of the raznetiicehoantito vnivarlont icobars

Flrure 16 and the interprctation of rartite prosanted in o procoding

<

5

zoation, Lendchx s hypothsela appoors inspplic:bls to th2 intsrgeowtha

of rarsaztito with nonamipnetic cxidra deserdbed neors. Opecifically,
tre grnoliciilon of Yis Fupolhs sis roguires that thy pelvrelesic cralen

PR p gt o ety ~ ed A2 JOPRE TS e - Ty
olteonzatoly chenmss from oxdidation to reduvetien conditlovs, Joplying
TV e .
aiol

$ 4t PUNRPIS % A A PO LE2 sl e Sty 3t e, d R Lus,
in ths intomncowdhs of vasnoetilbe vith voncssmastic ortd-p Irlise Lhe

follewing sardica of proonsoes I oenlor of ¢ wonrioneIy (1) 23420

equilibrivg establiinhed botuzan vooastile (ad pofiaoy ke atlis (soldd
eolutiona), (2) eocling from faftirl ecrilllalon tooporaltura sith po

duetion of rariite, (3) ersoluiion of hewatlioail ~alte #514d solutien

: e Y LB, 3 P 2 . Ay ¥ . 2 2.3 " R

val), (2) relestfon of Meatita lonolis in hematfte-il:-nile intarurowihs

to foma nasmatits o1icts (Rrasdoha's hypoitkesis), no prodvaiicn of rire
= o & $ il Llotaosdive s

tite Quring thie procnusy {5) retim to the dsveleprant of rariibo &3

1odicsted by the snrtized natire of Ll maprotite tablsets intergrowm vith
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the henatite-ilmonite, ilenoe, to ap;ly Samdabr's hypothesis requires a
change from oxidation oonditions (processes 1, 2, and 3) to rsduetion con-
ditions (process 4) and back egein to oxidation conditions (process 5).

In terns of the masnetite-ternatite univariant ischors in Figure 16 such

a corics of chenges moan that the netrologie sralen alternstely changaed
fron positiong abova the univariant icobars (produstiion of martite) to

,

arottions Lolow the watveriant fnobers (preducticn of namnetite)s Veoy

1111 ghanges in the mO ) eculd cause sich shifts in equilibrivm, ot
cver, &3 wisre iz no irndspondont ovidenes vhich indleales that the roiro-
lozie synten davietad frem the appropriste rasnotite~brratita vnlveriant

:dstory of the rock, Lurichir's hypothasias is
alecounted 2o requlring too wany colnsidontzl evantg, The fact that the

Lablety “hizsh b 5 reroas

diffars fronm that of the Lo~

ite bodies (hlek lensea, Platsa 13, 14) 4o indonendoad evidoaza tlat

23 fortior wiis not peoduccd foia €he Iallor, Jlowece, Rooslthots bgaihrools
fg valonable from U doxlucal 2 svll o3 the wlpoicedl aloricnl shonfinsint,

Soch gonsidoritiong ao ebove voke the hypoliocis of fagorsurab ool

zzlutic of 2 original ~olid solutlsa of Yoylg-7eiily to ragtstite and
e ida wove toaaxhle, It wma noted (Toblz 22) that the thornydvn nie
ecustorts for ths choxfeal reactioms fuvelviag the Iroa end wlfsazium
cxllag o2 very strilavg Foacs, the lres ensrgy Incersaos: in such

Ta-D TaTid o, =30
LO{‘~3 + -t\.,l.133 = 53)04 +* Aice

-

for any tamperatvrs and prosewre would Lo very ermaldl,  In othor words

unger most mhysicel eonditlons tha relative gtabllitiep of a hewatitcw



1

=2} 0w

ilmenite assemblage is about equivelent to that of a magnetite-rutile
asremdlage. Thus, only ex=2ll changes in ths physical conditions would
oruse ond ussatblege to form at tha expeonsze of the other, From these eon-
sideraticnes it is proposad thet in the nlxzd greles cubunit solid aolutions
ol FCQJB'FeTiCB umuzlly excolvel ce Lewztite gai 1lm:nite, but that in gore
excep the phyale:l aoscets ol the prlrcleric sroten wire euch that a nacne~
2tle thrn g hewetile-iloenite asscrblage

and hanez the 50143 nolutien of Pczu3«f¢ric3 exrolved to ragnotite end

T’&‘Jiléo
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sstasomatisnm and probably igneous injeotion hawe played the dominant
rolss in reconstituting an originel sedimentary rock series into the

form it has at present,

-3

ORIGIN OPF INE MIXED GUTICS STy

'.

It 15 postulatad that the wiesd g 2ise subunit repreconts en
criginal hetorogencous paries of soiothiat arzillacasts andfor erinacioug

sxdirertary rocks wilch hava baen roconstibuled to 5593’.&103 of tha Lophlie

reeongtitutad by ratncmntice sation,

Sedlmorntory arffiniides,  Sevorz) fzcbora testify do tha oririnmd

crdiveniory affinitizs of the nieed gneles gubunite The -eglenl 2iziria-

e

Lubion of the Pdison vnit from one 140 of the Fooer Lele entiolins Lo

“ &% - ad . [N et Y B VA e e arn e, e
the other 15 smaggastive of "stratigraphie" conbinuiiye Tha holz2res noous
P § oy . W P X [RPR 352 UV S S Ty m et ANPSRL J
gharantey of 2 nuincd [ ST osILlnTh 83 yeavuicre oy vha woresd ol u;.*,-"'.l
3 . o paeyn =2 o [ BN f R Y - -
and ninermalogle disammilimtiies (A0 Nedosle viiglin o) Diom Yejor 63

« - vy~ iy A 2 B ::
zerelby, Spaciflienlly, cuch zuok Jarcrs ez tha goirelablatilsesilliranitos
- A — 2L ~ it aed PR, Jo PR AN IO
quartz greies kave bul¥ canpsaiticns 2ideh muzt elezely cruixash thesz of
[OPR. X 3O B ey et 2y PN DR SV S 242 -
galdinanbery vocirs 2.8e, ot lneroua sendotonta, Tn edlition the lsesl

L N - - . * . F SR £ s K 4
o Ty . e L T . X e o - N .~ i - Y-y
ELSEININTS O roingy aniir ?.?_3 one 3 1*: .T.-, [P E SRR s B I uill.‘.. TTAALNT O VAT a0e
) g e T - . ~ g o~ IR B T
ol zodd THCISY Bl lAILsiRT, w3 ELLENI 0 20 ol 4 Lo Ininds ol povndo

2 * - [ -t - FLIR [
ziyvcena in the fo 2l phod evidonce of codle iy

o ®. Y - - “ e o A - . PR ¥ TN NN &
Perinaprs the most copslusive quoititative ovidones of the godirenbery

c?'

affinity of the m'm=d maeloe suvinit e tha very bigh S350 0g sovhont (Tavls
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and high quartz to feldspar ratios (I:hles 4 end 5) in the magnetite-
quartz-i-feldspar gneiss.

Sample 145, Table 16, has a mineral ecmpogition vhich corresponds
vrry cloesly to that of the average m.rnotite-iartz-K-feldspar gnelss

cormare the noda of 145, Teble 4B to the reonr in Tebles 4 end 5).

iens3, tha cherlenl corposition of 145 (T:ble 16) muet bae voiFeleea to
the sverase eonpositien of the nmzprotlte~quartzeX-feldorar gnsiss ond

vha rixsd groles evbunit on the whele, The pinirun §10, content of cample

-~
4,

125 L3 76,4 per cent which 1s gomsvhat higher then woat normal igneous
rosig,  Actunally the 53102 conbent ray be as grest as £0 per cont in ‘hich
cosz the rock would corragpond to ne Lenafids irmizous rocke GCertaln
olartitzs (Tuddington, 1929) end leucorsenitos (Iovssn, 1943) contsin 76
prntelively,  Houivor, wo gionites wre owa to

amd ,
-

aber onowibe, and es 7hd4 por emt 35.02 i1s a nlotoem

Soro tha oo mamnslitoesvortesTefold e gizlan a noreel igosius oricia
for thle rodle Vvyrs 15 exeln i3, Ag 43 oo eonolucively pointed ~ub Ly
Chryer (2082), nowin) pranting cpooar 2lwiys 0 esmy less thaa 4D car
czab crads and more then 20 prre oeont felinper, N, s mosloin quact

(1

to Muldear sotlio for newrnl inncous giwmaltes wnld Yo atovd 0.3, I

ED Al

- N A B E o " 2 “ FNr § Lt o7 ‘e
LRI sty Yo N e 12 ratto for the paales of rajeiltsauartz-

(-200s 4 nod 5) 2g purorally eratoe B 5.9 ond fn

EATN. . | B o T

: S 0. AN s sy

va . Pave v aipd PRSP D Ta s .
o S dend A »? r - '{

A TN

3 lo proator thon 1,0 ond thad 3o ratio for ghe rern of thoe2

SN ang

« - * - 3 PR g +*%, ane s E ™. * -~ b Y - omict T
sannlea 1o 1.0% I additicn tha CUTIGE Wi Tdevar PR, BRSO B YR ls

Fa Y N PO R pag % SR . e o » . » Fad b/ RIS S 1 Y
often groctor Fhon 008 »4 the ntan of thfg ralls for tha ewplan 4o 0,76

LR .2, o ran .- - -~ - 0% - - -
{Tehls 5) or nenrly the mewiiam for ths quavti-feldszor vatlo for pranites

us determingd by Chay=e (1932)e Azzin it aprcars evidont that Che mumetite~
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all by the assemblage sillimsnite-—almandine-orthoclese (-pla-ioclaso-
biotite-quartz) in echists of pelitic composition,® (Turner, p. 457).
with the axception of the sbeznce of plsploclase thiso assexhilage correce
ronds to that in the nixed gmelss cubunlt, Thus, thers 1s adoquete
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oycle or have to be introdussd from an outside (distant) source,
Poteseium enrichment during the sedimontary cyele might take place
in elthsr of two weys, Plrst, it ic possible that many of the original
sodiments of the nixed gnoiss subunit were of erkosie compesition end
rich in plrelf feldepar (Pettijohn, 17.9, p. 258), Suoh arkoczs could
provide nsple potzassivm for the formation of the mincral nacexhlare, but
in ad'1%icn vould also supply a consideratle cowuat of sellun (Fettijoln,
1247, pe 257)e Fousver, as dzserited sarlicr the paucily of la-feldipur
or sany sodium pincrals In the nfzod gsics subunit ig gbriisine, If the
cricpa hypothzels 13 to Le conzidored 1t nmust be postulated that eillor
ths arkesz w.s vary peor In Ho-feldopoer or thot wy Na-feldspar 4% mny
have contalinsd hag boen eonpletaly 1emoved fron the mixed ginlog ainit,
L =toond nore Mhaly nods of enrichi.cnl of polaciiws o fhrcvch the
gecsanss of olay minstals puch as nomidrillonite and 411ite (Goim, 1953)
im k2 orlzizal gadinoatary roske of “ho mfed powlszs solbunlt, Tha
soglenal notanorphlen of midhl elay of
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sranoriion of A1 Yhan Song Hefoldcoar
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#1111 onite vuld bo s nluradl eensaguencs,  ouever, many lagw
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esar) vhile otherg in Al (s1ilimrnite)., Tuch a redistribubion prozocs



4

Mgl

£

-2

38 deoned metapomatle according to the definition giver above, Izssmuch
as K 4ig much enricled ovor liz in olay minerals (Grim, 1953) the above
rypothyeis weuld satlzfectorily explain the paueity of Na-feldspar in
+ve 1imed pneles cubunit,

Tha tbiguitoup V=foldopnr mognetite veing end lodes are additiona
evidnres thet -1 simeer nidnz hrg besn an Irportant procezss in the mixed

o> matanlt, The reomalitcos re bulieved to have bsan Mfixsd?

¢lativoly lata and era eneniient evidones that either X fron the oripinsl

cedimantz o fvon axbionsous eoieos has parmmated roast of Yhe mixned geoles
cotimit,  The poguatitos oprony e ceroy move Kefoldeopar than tha averape
cagnasitzeunrle=l-2eldeoe prsioe ond havs a eowporiticn airilar to that
of a wrhech roemite, 14 I

ersnetaTnalte 3 evyatallizd sue it of pome matescuatle "MInida® vhich
prooatad the ol-ed melos cobeinds,
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cally, if the original sediment wae rich in sluminous constituvente (olay
minerals), K from an extranecus source might be rcadily fixed by the
chomical ecobinstion vith A1 and 54 to form K-feldspar, 4c indientel
roviously, the variable propsriions of pillimerite enl I-fuldspar in

he nized enelps subunlt prebably dosondsd voon the bulll chnnieal

eomposition of the v liste viliem, Thuz, Yeyses rich In 1125 ntlto

This poeolably indientos that o -

fluids ponstrated thoss Ca whe oihor hand K=Szldorcr rich
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oonsidered to be cssentially identical to that of the mixel gneiss sub-
unit. The prineipal differences between the two are considered to be o
reflection of the chemical differences between the oripinal sedircnuts,

Sedinontery affinity, The "strotigraphle™ like distribution, the

voteregoneous nature with rlteracting loyors of distinot chemlcenl and
- -arelozie oomposltions end the presconce of motoquartzi
rich layera &1 testifly to *he rirked sodironiary effinitien of the 1lre
rich subtnit, As is Indie~ted on Ilzte 1 the Iims iich enbunit

cut abrurtly Into thie mixed pgnolass svbunit, ne gnnll
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freles (Turnor 1951, p. 446). The microcline in the :izad gneiss subunit
end lime rich gutunit ers essentially identicsl. In both cases the micro-

cline is non-perihitie vhich indicates both erystallized at about the same

1 Tuttle, 1950). It is clear that the 15 rich

temperatura (Dowza eon
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other elements could be from extraneous distant gsources, If this 18 the
¢ se therc 1s no clear evidence to substantiaste it,
The prezence of Ha-feldspar (olipoelase) end scopolite pess

problem 2s to the cotree of the lin, This iz pommlwet of un ealzraj how-
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eampogitions of the blotite-quartz-oligoclase gneisg from the Adirondacks
1g o similar to t:at of the praywancke sandstoneg that Engel and Engsl
hove conaluded that 4t is most 1likel; the motarmorphosed equivalent of e
rraywackd sedirent, The eans. concluzion scers Justified for the blctito-
quartz~oligoclare melss of the Ilow Jezzoy Highlends, inammch az iig

cosnoaition is eo glndlar Lo that of the Adircondnck gnelse and the two
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pineralogic modifications, With an increase in the proportica of K-
feldspar the original g.2iases, "blend by sublle transitions into pranits
gugen gneiss and gneiscic granite,” (op. cit., 1953, p. 1059)., Tnc &=
feldspar eontent of the Motite-quartz-feldapar gnelss of tre T7icou

~ea corresponds rost clorly to faclen of tha fermen $yps mnite grodec

(ope cite, 1933, p. 1065, Tizure T); viilch 23 Lodicvad to be o Lighdr

redified focies of ths biotilo-guerto.o¥ooelars gnalss of L2 L7007 000

-

On the other hand the fabrie of the Lintiteeguarto-foldooar

sdicon arza eorrocronds to that of losg rodifisd Sooles of

gusrte=oliceclase priins of the dircndachs (Leee il Tizuzs 7).
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Figure 6) in the Edison rrea s analogous to the similar changes in the
tictite=ouertz-oligoclane gneiss toward tke contacts of large granite
-ns:ee in the idirondacke, The blotits—quertsz-foldspar gneiss of the
-2eon aria iz wnsidered to bo & sn=ll zeale foceimile of pinilor gneisses
sexe Wileh ere interpritod es reglonnl metaorphos .1 and
watesorotired rroyweehad rolirernte,

he adirondncys the bictite
cvrrtz-feldspar guolee prol-bly helenge Lo the amphibolite feeles, Tha
Tz otor of the [leldspar inddicates that the ymelss
oy eopiertat o nfnoral foefns of 2lindtly higher tempsrolure than either
tre nimed gaoize or the 1ive rofch uliaits, "his eculd be explainad by

the quirtzeFe

S BTty
<3

PRSP R 4 e A e e m v e A me A 2. BT Ay | A 1 . <
to eapinin o the potoones of vansalinde Fefrldaopne porplyachlants in ths
k4 ' PR TS o . ? . - . - . P oy
[ SRR RS F T vhile tho rolele Tefelds e 13 well tuinnad
L P D . o PPEC I S 3 RSN SR ) P R * b/
raverreideyy iz In oo auliiues to S A thot the P ‘.‘f,z.‘i.”.)’}".:t‘; Holog Nt

. AP I
dx failsgor,.

LN, K3 S A e L [ A, T s Y. KR 5 S .\

b L3 onooiulnlnl Vit el Do HeMldomad in the bistiloc.quarboe
N

AT A - YR L X

Teiloror pmadoy wopaballC s

ks L ";‘*."k ks ~—,‘§'1;7 ",‘\}-’v A,

.~ 'a N SR SIS N R c ~ -

b -~ TS i o0 - ’ T, I A § P S L., - s e e LA 1, .
{. ST0g AN ..'). 1% 1a o =0T hed dhat ‘;}.:3 a2 v,i“:;iuﬁa TIREQLDE nf 3 22002
- - + -

SR S
- Te e ™
s I N
R v
- 5
] T -
L S R DU N

Yrime wntot, 2 v IS B . P o e ., P a8
st wiriurcsy of brielinia wad rwoniisie HNefoldenar have beon rolad before

(Htrkar, 1G54; aciieawisg 1254) and have been intarproted 3n a ginilar



-225-

ORIGIK OF THZ QUARTZ-K-PiLDSUAR GHIISS

It is postuleted that the quertg~K-fcldepar pnelss originated by the
eryetallization of & relatively mobile fluid (marma?) which originated
+ithin the slied rueiss sulumit, Thuz, it 28 bolirvid that the oririns

of a1l the rocho ¢f the Lilpon unit sre cicraly rolated,

o - L - -y = .. . LIV DAL, I SR ‘ . PO P 4
The wnifora nrtures of the cucrtoe00l8 po e ondns as cuuoreed In

te field, the voor uniforn rinral eniperitleon ws fomd by wafsl wanlynzs
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thers iz not s contimious textural or mineralogic variation between that
gneiss and the quartz-K-feldepar gneiss (Tebles 8 and 9). There is &
distinot textural and minerslogle (chemical) discontimuity between ths
two, Rather than postulnte that the quartz-K-feldspar gnoles 1eg the

ultirate producy of Yemotasomntisnm of the blotlte—quartz~felipnar panicn,
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¢luid (megma) snd blotitic gneisoes, He postulates that the elmskitic
fluid originated as a volatile-rich differentiste of certein granite
ragnss in the Adirondacks,
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polting® residue of the mixed gneiss subunit, Very likely the pegmatites
vithin the mixsd gnelss subunit are the counterpart to the quartr-fe
foldspar gneiss in having orystzllized from thees sere E-rich-fluids,

In ¢ ecnse the quartge~l-feldzpar gnelge nmight be conzidored cre 8 viry
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granite and alaskite, During the progressive orystal-
lization of this magms a more m-bile and highly volatile
portion of the magma was concentrated adjacent to inoclusions
and in the crests of cortain larpe snticlines, This negma
vhich consolidated to form elagkite, wzs split off prior

to the corystellization cf the pegratites. rurther differ=
entiation of the elaskitio maz:a by pregreceive eryoicl-
lization concantrated the volatilesg etill rore arnd these

) ferriforous flulds esezprd fronde erysial crstenm, nicmdol
N aleng the rierobracziated monco, 2nd repleced thz rocks
vithin these zones to ferm musoztite bodies,

In wntrest to a mapatie orizin of the 1rocn othars haw postuliled

that the Initizl iyon errich~ nt tock pleoar Juring a ssdirentoyy opcle
~nd that the macnetits deposits cre roten-rphooed esdirconiory iron boln,

Fitahell, 2857). landergrea (I0V8) i3 st.onrly in favor of inltiel iren

sarichirant durlng a esdimentary {Swopons) eyele bub gug cots that this
fron hee Iarany enon~3 teen moved around or rodinosited durdng cvhozquont
cregeny.  Loing bls teriiinelosy Iesdosgren postalniog that ths Taitinl
1ron cnvichinont tool place dQuring the exnseone {cxdbianbory) crela ol
thit this sadiisnbary rotonind,
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diffusion, Instead he sums up his position by the following general

gtatenent (op. oit., p. 158)t

A renobiligation of iron in the endogene phase of
davalopment may teke pla~s under certein condi’ions depand~
ing on the compogition of tle materiel entering in the

endogene phase, on the conlcat of volatiles preccnt, and
cn the temperature.

fn exbrens view vilch has some ospoeis in comzcn with Landerocioats
cpinions is that the lren enclehrent took plees by a process relzted to

motrnerphie differontistion, end that during reglonnl rmxtawerphica snd

P VRET

ot ~

rebresration Iren wag "driven oub™ of sore rocks, and eaiesniratcd and

fized in cthor sites (Romborg 1952, pp. 203-265p Dovere, 1953), Pro-.

P Lol A 4 2 ~ £ Eu Ty -

ponnnte of %¥his hypothesis povsrally propoca £0lid etateo 4ifMuicdcs or

FUO g - S . ey & \P - M & e - TN N - 4 &

cecla breodary rdgretica oz the mochanlion of tremencrt of Lhe Lvca,
- 2 PO A et A4 ] A, 2 1 72 2 A "
It i proposza that thoe marnetita dopondiy iIn the Wilron noca 0o of

Ine AXthiouzh 1t fg postuluied that the i1nitis=) concontivatioa

of the 1l of the iron iy fg Alsooily » 17%ed b L5003
SOELUEY oo Ting (1533) b T3 L Xieved Sh et Lo ol Fla
Socaame Inl8lally eomnontrat sl Aol a ooftbronbony (ennninn) erols,
aethermore, ib 15 pegtulated hiat the oo jnatlle deposlis av2 of 1 na
covatls ordpin fn the genve that the crigivod roca of tlo minnd grrlcs

Y ..t - N LN 1 24y, ~ e 3 O S 1
gutunit hove Yoo v Slen1ls rocoast h rod vith rofirracy Lo S SMioirds
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thone procassre,  In obbor wir e, 1

lg prlieved thzt the ragwet®is g Introluezd vila fvea rich fIndd: nio

th2 hast roolks Juring their formation, 4, e,., durinz roslonal rafae
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morphiem and metasomatism, and not after their formation. The mechanismm
of iron trancport sirnificant to the gonesis of these ragnetite deposits
18 not o-rtain, tut cevoral aspects of this problem are 4lasoupeed.
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slways located in the highland portion of the morthwest Adirondacks whers
about 85 per cent of the rocks are of igneous origir, In the Grenville
loulands in the extremz northuest Adirondacks mapgnetite deposite are

atsent and only sbout 15 par cont of the rociss are of irmcoun origin,

I8

totually the rapnetits daspozile in the Adironl g er:z 2ol in bodics
2 Grenvills type grofpnes which nre explobely rwroun’= 2 by poonitic
th to the hapothenis of

rocka, This oonelstcnt apncolatien adda ¢

a magentio erdgla of the fron, It 1s clear thzt the crzz of tls nimgd
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¢hat consigsrable iron enriohment took place during the fractional
erystallization of the granite magma, The non-pegmatitic magnetite bodies
ars 2also Indlontive of late stage enrlchment of iron, but parhape they
owe their distinctima ocmporition to a process of enrichrcnt different
from fracticnel crysisllization, e. g., gasaous transfer, i nid imlse-
citility, In eny eapa it ies propocsd that guch reaidual fluvid {roz wileh
there G111 magmotits bodliasg erystallized, mey have bozn the Lvoisdlals
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s €anlly explained as due to the irreguler propocstion of ferric iron in
thz original sediment,

Iv mirht be argued that during progreesive erystallization of a

o Lyt

arent granite regma the residuel solutions were enriched ia ferrie iron
owe Yhat rocsccory 10 form ragnstite, IHenee, hermatite covld crystal-

tea dircetly froy opeeh {2vide ard ba of true endegens origine, EHowswver,

A
orz poynibits bodlie proviorsly dfscuessd which are 2ssodirnted with

(RIS

creadbos ond Bolieved bo ropresent Mhe erystalliped predust of residuel
fietic fvon trose pronites do net eontaln prirary henatite, In additicn
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srratalline product contains lege of the particular ecnstituent than
the residual product, 4is thesge Pparent® granites and glackites contain
pevoral per eznt magnetite, it is implied thet thelr magmas must have
been very rich im Fel and Fe203. Therefors, es there 18 evidence that
at leest scim of the iron in the nixed mclcs gubunit 2g of podinent.ry
{exogena) origin, perhars londargrants (1942) hypoihoais chould recaive
more considera’lion, Perhaps 211 the iron in 4he miznd pazise cavunid io

of gedirenteary origin and har Loon conpletely volicteibodied diring ths

R

regional retameorphica end metaconmatim (endogons eyale), so that the

- Son

arotite dopozite have taken on tha pseoleghezl chovacior of Munzootie”
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This mechanism of gassous transfer offers both an explanation of how the

( 1ron w2s initially oconcentrated from the parent magma and hov the iron

wig transported, Aside from its simplieity, there is no geologic evidenos
to indiecis that such a proecess wes important in the formaticn of the
--rmotito doposits in the mined grnelse subunit, “ho abgenes or paucity
of hzlcson eompeunds in the rapnztits deposits or the amsozistcd rocks

- wao thic procass evan less tenshle,

Very Yittle is loimm atoub the solubility of nmarnetits ia equeoous

~lutfong at high tempivetures md pressures. lolesr (1952, 1$53) haz

o

i2d cot gord exparlrental work ihilch Indfcates that the colebdlily
o wooastite in 5526‘ 1z very s1light T thet dn r21dly ccoid mtor
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content of magnetite and prirary henatite, (Figures 10 and 11) indiontes
that oz iron ore fluid wdth a ferrous/ferric iron ratio distinct from

that in the ordginal ecdiments of the mixsd pneiss subunit enered inte
the formation of the mamstites deposlits, Therefors, thare eppears to be

e=ple gooohrnilicel evidargs that porz aart of en iron ore {luid with a

A

chzrzoterioile cheniedl eronocliiion Add play zn Inpoztont part in the
cenzele of the rded micdes codunit end 10 ralated rogretite dzposits.
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Thers is no evidencs .. ish indicates that the metasomatio emplacement
of the iron postdated the regional mestamorphism and metascratiem of the
nixad gnelses pubunit, The magnetite deposits are structurally equiwalext
to cther mamgses of rock within the mbunit, L. e,, foliated, linasted,
folded, The fabrlezof the magnetite-rich layers and the magnetite—quartze
F-feldepar gnelss sppear equivelent, Tla febrin of magretite grains
epponrg vinilap to the fabrie of asseeiated sfliexte groine, 1D the
pilicots prains ars rariodly deformd 8o a»2 tle iarmatite geaineg (Flste 2).
In wnleferied sanples of magnetite—qua T-feldspzr gozigo the rmasuctite
geains azre ognin toxtorelly epnivalernt to the oillents grainsg L, e
val:forrod (Pletos 3 and 5)y There ore no reaction rinz Letwnon rmomciite

ancim pinsenl
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, . * R S R BN PP PUSPUS AP S S D
srue T laga in the mfwad mooles sobundd erpotallinnd cad prony Lo gouliitivn
FRN e s, P cap ~ - N
zbk ths e By and thot a3 Indiceted by 102 netvres of the folrlie an

2 . U an Nore - Y s Y. . & > 2 2.

shovehnre of Lhy poacha 1a ke sneit thls olivs ra vy

Ve pom ® an, - . . A e -~ '

corlny, U wperrded of zozioal tabowypito ) rute RS B
4 ~ a3 A Sy ATLE - O N R A R ) L o s - 4
.1,?5\-,."\.‘..’.?3 vl w18 V’i;u Tl YL maA ST ID o ‘_.,:l{' s Y L0 Al e

. feme o, s B Y pee A AL . RN | - A e - Fed 112 & JR. 3
To v vhacag supnctite pgeaw 8 the cupenzt of 230enton an? $n othar

v g g -4 2 ES - . Sy ™ . R E T P . &.’
ecg allicatzs grow ab the coonsy of asanllite,  In sooongze tha ontis

proetan 18 dessd as motoecorphie In outure In that minsrel grains oeow



3
R
8 3
m
® a o) ot Pt
;\ = £3 t3 Sy Kyl %) i
) 5 8 R o o : J
> ® “ A3 .
M [ 0] i { &) . 4 -~
b & o U] A ) o
mh 4 3 8 1 .0 oo R o .
+ - ~ - - ' et g
B oRE & 5 s - s
- ~ @ ooy - N Ay S e
5 & € 5 G v G '
=R e &) vt " S "
& A) W b ey oA oy -t
. 5 99 oo by
r J. < -
8 & o o = A PR
3 Ny . 43 T H ) SO s ey O
o - v g o & S R
nﬁw .MW» 0 M.lw Py m -4 Ke) ..am st
= 3 . - - . . Y & b 12 . 5 ! 6
2] 0 fe X ) w b < X o o '
[e} 3 S 1% b y [ 7y . 0O
g © e g 504 O N SR
£ H o I SO “ooe o D
-IJI 3 w ot m oy o m B e 4“ v s . m.x e
s oy e s 0 - - A L ~
8 3 b oa e g8 0= p o ., R
AN R P TR i
o & ¢ » PI— - o , , : Ja
3] La) t ~ " W P < . C . o !
i o4 e =1 < i Sl m.w P L s o -4+ — 1 v
] c* £ it o3 o wJ o - e v
+? - & [} i - w ! o . sl o~
2 & 3 6 on = . v L I SIS
Q ln& 3 t *i ' a ot o t. ® AL W ]
° A BRI P IR R 2o s
N e H Y SR B 2 S
- (4] o ot ‘ b A #d e e D e . . X -
-t ol 3 G < ol “i : o [ h 2 : ot
h (2] 0n.‘ ! ~ mm i v~ o ¢ e - y : R
. '™ v [§ m " &
o [+] o 2 . [ o " -5 e <3 B .
3 9 3 B L Ja e ; o Soua .
bl 1 o L] v & o vl " \ i , 4 o
- 8 b Q o] - .ww ’ ,, s i s Y 5 o "
-t IO . . ’ , u o : ¢
@ i fa L ¢ .ﬂ £ “
a "B L3 3 s . T R S
g d f
’ \ ¢ t . .
. >y - ¢ oy g . " o
e 2 nod A voe T E . b
w = 1W o ¢ - -1 - : “ R o -
5 = B R S ‘ ) , o Bl oot
Y, H 2 4 BB . N EEERCE
g a9 ¢ A 5o T -’ . e v N
E 5 ¢ s By 4T ez RS
E 2 7 4 AR SR AT TR
@ R R noR RN s
N - v ard >y - : -t N £ " P
¢ ¢ $ 3 - S e Y Lo <
dm ) o ’Mu .Muw o ol ' ‘ . o i “..:m o- s Ml
by S [ a2 [N N oy ] «.,- . «
2 8 b oo S s
+$ U Lo oou o o '
o . « o o L [ , o
L oew
o] 4z 0 ¢
.- b Yy ¢ [
A R P
i as @
p
A B N
A N
T
,, LR
-

© g




e ?
R
ey \nu s A
13} -~ it
¥ ..w.u L Ty
RS =
£ Bat S
i v . el
~] [ B oy "
-+ I~ O ”.am uy e
[ .
- ¥
w ) . %. Y
) P
e o Do
3 oo
.1w“_ 2 q.Mw
L] e
w0 vue o w0
1 RS
Q af.o i h ot Lamng o3 - "
m A & TS & Eowm W &y
@ T N €A i
° - 83 n ¢ Mmooy -~ Swl B 2
A - < = » 2 O . S
Pe ) & ol o 4 it v ol Q ~ ot
[ b w3y o4 + wef e e %, -
¢ wd e it { Y) 42 e oo o
"0 “~ 9 &l A i~ b “ R
o =3 [t g B < by PR - ‘
m.. g Y " wm. o & T ¢ ‘.
o3 @ L fa, Be il ‘
D.mw £ o B P 3 B g
£ ST A B R
- [ 4 - i e ¢ it R
© “ & L w3 o @ H .,»W m..w ‘r;\m 1.w) -
- . 13 A HE S ’ W oot 4 2,
3 ., oo w1 o i E et
oo W. 5 oo e O A o R &
L~ ﬂ [ i :.w o .uu ot -~ e ‘M.Wu. *
8ab S M 8Bk 08 e o
) 1 o :
Gmfu > t...mume )&.,..u ~
ot e A o
£, d . ._ g »vv 4.
- 2 a 2
- 5354 535 i
LIS 2! w3 o ru
3 05 ]
[ ] -y o B
[ o i = s 53 O
fie oy a2 ff 0 - -
o O ¢t R -
Pis QY e MRS 4 b
12,0 oy e b
ase s Qi o
G et i1y ¥
«i v @42 )f,. o
m.. o n,..» o B3 L -~
509 EHT -
: R =" b -
o3 o T <
O 0w mm.‘vuam o]
"~y n“f‘

= e
o ? Srdl b e
N hohaic g s RIS ¢ .
s
e
P




Pyroxene syenits gneiss (gns)
Modiun grained, uniform syenite gneiss. Camposed of oligoclase,

perthitic microcline and ferroaugite with aocessory ilmenomagnatite,
41nenits, hornblende, quarts end relic microperthite.

METASEDIMENTARY, MEPASHHATIC 21D MIXED GHTISSES

»v

Zpidoto~acapolito-uortz gneles and rolated fecles
(Lirze rich subunit) (gne)

Medium grained, well=layered gnoiss, The gnelss 13 compossd of
rinble proportions of the Tcllowing mineralss qvzriz, miceielife,

plagloelase, cpidots, scerolite, pyroxene, hornblende, biotite, pur-

net, ealcite, 2zolsite, srhcno &nd crea., Typleal facles inelndo cri-

ey 'S . P Yo e Y o, O, AN, .
dote=seapolito~guarte gucles, horsilende end pyrovenc-gunrio-faddorsa

ynolss, end Vistito-hormblende<uartz-Celdspar gnolss, obs.

197ed grelsces with rurnztl
-

:
(zled oretes subindt

A conzlex gromp of : z 3, Fe=lvlsls; za3
wazaebits vith Lenatits, ! : tile, blotite, mrnet, ollf onila,
plegicelane, roatite, o2inal, rionazite an? eorwvhim, Guacrnily 2 3bnm
gitined, gnelionie, and T -
foldaps T S AN
snedsg, cartetetiatlto.niil t ety oponles, Llodkiteeripicel Tla
g ondos, resnetite rich loyess wnd rveh pogwtito re prazd ot
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Garnet~biotite-quarta-feldspar gneiss and related facies (gng)

Meiiux to coaree grained gneiss., Composed of quarts, oligoclass and
perthitic nierocline with garnet, blotite, hypersthene, horntlende
and =2 motite, Sorcwist heterogeneous with layers of amphilnlite,
granits, pegaatite end rare scapolite-pyroxene gneiss,

$TITRT OF URCLATAIN QMIGIE

w
i e

(uerbo=oligonlasa gasiss (gno)

“

White, nettu to coarce mined and very gnolsale. Compesed of

8
guzbn and oliroclasa with bistite, chlorite, ricroelina, epidots,

carnot and orce, Amphiibolite ond pepnitito layors ave copmun,
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